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PEEFACE TO THE FOURTH EDITION. 



IN tlie first edition of this book considerable importance 
was attached to experimental methods of study. In the 
second edition this treatment was developed still fuithei 
"by the insertion of an Introductory Couise designed both 
to train the student in scientific method, and to demon- 
strate to him the broad outlines and the leading principles 
of Chemical Theory 

The woik of preparing the fourth edition has been 
entrusted to Mr. H W. Bausor, M A , who has rewritten 
the Introductory Section in order to bring it into closer 
accoid with the needs of beginneis, and has made such 
further alterations throughout the remainder of the book 
as were deemed advisable. 

An important distinction is made between the experi- 
ments by means of a difference in the size of type 
Experiments which the student himself is intended to 
perform if opportunity allows are printed in small type , 
those printed in large type should be carried out by the 
teacher. 
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SECTION L-INTRODUOTORT. 
CHAPTER I, 

PHYSICAL AND CHEMICAL CHANGES, 

1, The Method of Scientific Inquiry Let a person 
unacquainted with the aims and the conduct of scientific 
inquiry examine some material object, say a mineral, a 
piece of lock, or a pebble from the sea-shore, and let him 
then detail the points of interest which occur to him as 
the result of his examination. He may be struck by its 
form, its colour, its hardness, the nature of its surface, 
or he may be disposed to ask whence it came and how, 

In what respects do his questionings differ from those 
of one trained m the methods of scientific investigation ? 
In this, that the scientist is accustomed to grouping his 
observations, he is trained by experience to the recognition 
,of likenesses and unlikenesses in such bodies so as to reject 
the trivial details, and hold firmly to the essential and 
characteristic ones 

Investigation by a process of comparison and classifica- 
tion, however, opens up such a wide field, that it becomes 
necessary to proceed step by step, and press the inquiry 
along well-defined lines, each with a distinct purpose, 

The geologist, desirous of determining the history of the 
strata, will devote himself to the observation of existing 
strata, their essential and prevailing characters, their 

T. CHEM. J, B 
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origin and mode of formation. The biologist, on the other 
hand, studies the structure of living organisms, classifying 
them according to their forms and functions, and tracing 
historically the occurrence and evolution of the different 
types. The physicist interests himself with the phenomena 
associated with matter, whilst the chemist deals with 
matter itself and its identification. 

Now to all these, such objects as we have mentioned in 
the opening paragraph will appeal in a variety of ways. A 
piece of chalk, limestone, or marble are very different 
objects to the geologist, but may be much the same thing 
to the chemist if he finds them to be composed of the 
same kind of matter. A piece of glass rubbed buskly 
with silk becomes capable of attracting small light bodies , 
this observation is of little direct importance to the chemist 
if he finds that the substance of the glass has not changed 
or its mass become greater, though to the physicist such an 
observation may be of great significance. A piece of iron, 
so far as the chemist is concerned, retains its identity as 
iron whether it be in the foim of a solid bar, the finest wire, 
or an impalpable powder , it may grow warmer and expand 
or by cooling contract ; it may be endowed with the property 
of attracting other particles of iron or not, and yet its 
composition and mass may remain unchanged So long as 
any modification of aspect or behaviour is such as experi- 
ence has taught him belong to matter which he identifies 
as iron he maintains that no alteration in substance has 
taken place. 

To sum up, we may say that the method of scientific 
inquiry as applied to Chemistry consists in experiment,, 
observation and inference, 

2. Transmutation of Metals. The earlier chemists 
believed that they could change the baser metals into noble 
metals, quicksilver into gold or lead into silver, and 
most of their researches were pursued with this object in 
view. The more searching methods of inquiry adopted in 
later times have, however, shown that their conclusions 
were fallacious 
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So also, even to the time of Lavoisier, towards the close 
of the eighteenth century, chemists failed to realise what 
takes place when iron lusts or metals burn, although an 
actual change of substance has taken place, and matter is 
indeed added to the metals during the process. 

These misunderstandings arose from two mam sources : 

(1) Failure to appreciate the essential and characteristic 
properties of the substance under consideration. 

(2) Failure to test whether any apparent alteration of 
substance had been accompanied by increment or loss of 
substance during the experiment. 

At each step the balance must be called upon to say 
whether any increment or loss of substance has taken 
place, and if so the source of this change in mass must be 
traced. 

All conclusions, and especially those which form the 
foundation of fuither investigation, require to be fully and 
critically examined in order to see that the deductions 
drawn are justified by the facts. 

3. The Field of Inquiry for the Chemist. The aim of 
the chemist is then to investigate matter with a view to 
recognising and classifying the essential characters of each 
kind of matter, and to follow the changes which ensue 
whenever those changes involve a redistribution of mattei.* 

Let us then follow the course of investigation by experi- 
ment, which will enable us to see how the information we 
require is to be obtained, and what deductions may be 
fairly made from the observations. 

Exp. 1. An apparent transmutation of iron into copper Into a 
solution of " blue vitriol" dip the bright blade of a penknife After a 
short time remove the knife Obseive that the pait of the blade which 
was immersed in the liquid has acquired the appearance of copper 

Apparently the iron of which the blade is composed has 
been changed into copper, and if you wore to leave the 
investigation at this stage you might conclude that you had 

* Whether in the operations which he performs matter may be 
created or destroyed must for the present remain untouched. An 
appeal to his later observations must decide this. 
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succeeded in bringing about a transmutation of iron into 
copper. Not until you have carried out an exhaustive 
inquiry, and performed a series of somewhat complex 
experiments will you be in a position to decide what is 
the nature of the change you have observed. And this 
you are not in a position to undertake at present. 

4. The Nature of Physical and Chemical Change. At 

the outset of any inquiry relating to the science of chemistry 
it is necessary to acquire clear ideas as to the nature of 
chemical change and the distinction between this and 
physical change, and we shall find that in such an inquiry 
the use of the balance is indispensable. 

Exp. 2. Take the following objects: 

1. A small test- tube. 

2. A porcelain crucible. 

3. A few inches of platinum wire. 

"Weigh each, of these carefully (seeing that they are quite dry and 
clean), and enter the weights in the column provided below, and also 
any notes descriptive of the objects. Now heat them for some minutes 
in the non-luminous flame of a Bunsen burner ; obseive the alteiations 
which ensue d tiling tlie heating, e g change of colour, softening, and 
enter these observations al&o in the table. Tn heating a ciucible it will 
be desnable to suppoit it on a pipe-clay triangle as shown in Fig 1. 

Allow the objects to cool, and see how fai they resume their oiigmal 
chaiacter. Weigh them when quite cold, and entei those results 
alongside the otheis. 



Weight 


Description as to Colour, Texture, etc. 


Before Heating 


After cooling 


Before Heating 


During Heating. 


After Cooling 
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Ezp 3. Kow perform similar experiments with the following 
bodies, and make observations upon them in the same way, entering 
all your obseivations in tabular toim . 

4. A fragment of sulphur in a test-tube. 

5* A fragment of wax in a test-tube 

6 A few crystals of iodine in a teat- tube. 

Caiefully obseive and note down any changes during the application 
of the heat, and also what takes place during the 
penod of cooling A pocket lens will be of assist- 
ance to you in some of your obsei rations. 

Do not press the heating so stiongly as to drive 
vapours out of the mouth of the tube. [Find 
out, however, in the last example how it would 
affect the records you have made if you do so 
drive off vapoms ] 

Exp 4 Heat for at least fifteen minutes in 
small poicelam ciucibles, and lecord your 
observations in the same way : 

7. Some small pieces of magnesium foil (with 

ciucible cover loosely on). 
8 Some small pieces of tin (without cover). 
9. ,, ,, wood (without cover). 

Having now before you the records of all your observa- 
tions arranged in an orderly manner, you will notice that in 
the examples given you may collect them, i. e. generalise 
them, under the follow ing heads : 

(a) Those cases (1-6) in which there is no substantial * 
alteration of weight, and in which, though whilst the heat 
was being applied changes of colour, etc., may have been 
evident, yet on cooling, the substance had, so far as we can 
judge, returned to its original form and character. 

"While hot the test-tube softened, became out of shape, 
and gradually acquired a red colour, the porcelain crucible 
became red-hot, and the platinum wire white-hot and softer 
so that it could be moie easily diawn asunder; but all 
three objects regained their original appearance on cooling, 
though the test-tube remained out of shape. 

Again the sulphur and wax melted on heating but 

* It will be useful to consider how very small vanations having no 
particular bearing on the inquny may occur, and how precautions 
might be taken to eliminate them. 
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solidified on cooling, and then esactly resembled other 
fragments of the original substances ; the iodine volatilised 
without melting, forming violet vapours, but when the test- 
tube was allowed to cool these vapours condensed on the 
sides of the tube in the form of blue-black crystals exactly 
like those originally taken.* 

(b) Those cases (7-9) in which alteration of weight (gain 
or loss) has taken place, and in which it will be observed 
that a distinct change m character and properties has been 
brought aboat 

Thus the magnesium was converted into a very light 
fluffy white powder and the tin into a white powder,! in 
both cases with gain in weight, whilst the wood gradually 
burned away with loss of weight. 

We thus recognise a sinking difference in behaviour 
under the action of heat. Later on we shall examine 
more closely into the remarkable fact that substances 
often gain in weight under the action of heat, for it was 
this which led the earlier inquirers to the conclusion that 
heat was a ponderable substance, and that the increase in 
weight was clue to the addition of matter which they called 
"caloric "^to the body which was exposed to it. 

!For the present, however, let us confine our attention to 
the cases under Exps. 2 and 3, in which no alteration of 
weight has been found to take place and no permanent 
alteration of properties. 

Many familiar examples of this class of phenomena will 
readily occur to you Water is well known by its appear- 
ance and character, and is presented to us commonly as 
rain, or collected in rivers and m the sea. In the depth of 
winter, however, we see it become transformed into solid 
ice or snow, and later changing once more into water. The 
inhabitant of the Arctic regions is more familiar with it 
as ice, and the liquid water is to him a rarity. In tropical 
regions the reverse is the case, ice or snow being seldom 
seen. Yet we can readily satisfy ourselves with the aid 

* Tins phenomenon (of volatilising without melting) exhibited by 
iodine on heating 13 called yubhmatwn. 
t Reserve these powders for a later experiment, 
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of the balance, that ice passes into water or water into 
ice without change in weight or substance. And, similarly, 
we may examine the relation between steam or water 
vapour and water itself. 

In the solid form it is ice or snow, in the liquid form it 
is water, in the gaseous form it is steam or vapour The 
matter is the same, the form of its occurrence is different. 
That matter may exist in solid, liquid or gaseous forms and 
yet be in substance the same is not the exception but the 
rule. The difference of character is a difference of physical 
state. 

Whether the substance is present to us as ice, or water, 
or vapour, depends on the physical conditions which prevail, 
and we realise by ordinary experience that temperatwe is 
the controlling factor. Yet ice may be transformed into 
water by pressure alone, or by sprinkling it with common 
salt. 

Esp. 5 Make a mixture of thiee parts "by weight of snow or crushed 
ice and one pait by weight of common salt Stir it well together until 
the ice or snow is neaily all melted. Now dip mto the mixture the 
bull) of a theimometer, and note how the quicksilver shrinks (record 
the lowest reading oi the thermometer). 

Tiansfer the thermometer to hot ^ater and see how the quicksilvei 
inci cases in volume, occupying a gi eater space than 
it did before Weigh the (dned) theimometer 
before and after one of these opeiatioiis, and show 
that theie is no change in the mass of the glass 
(which also contracts and expands) and quicksilver 
of which the thermometer is made. 

Ezp. 6. Fit a small dry flask with an india- 
rubber cork and glass tube of the foim shown in 
Fig. 2, and let it dip into a vessel containing liquid. 
"Now place the flask in the mixtuie of ice and salt 
and atterwards in hot water, and note how the air in 
the flask contracts or expar Js. just as the quicksilver 
did, but in greater degiee 

Summarising the results which these and similar observa- 
tions bring home to us we find : 

(1) That matter may change in form (expand or con- 
tract), it may change in state (gaseous, liquid, solid), it may 
change in character (an impalpable powder, a crystalline 
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solid), or it may become softer or more brittle, porous or 
more dense, without any alteration of mass or variation of 
subhtance, 

Such temporary mortifications of character are classed as 
physical chun>jes 

(2) That nutter may undergo modifications in the 
propert'es which it exhibits m response to the communi- 
cation from without of heat, light, electricity, which are 
capable of being stoied up by it, but which are imponder- 
ab ] e, and therefoie likewise bring about no alteiation of 
mat*. 

Such properties are termed physical properties. 

On the other hand the permanent modifications of char- 
acter which matter undei^oes when its mass is altered (as 
in Exp. 4) are classed as chemical changes, and those 
propel ties of matter which it exhibits when it undergoes 
chemical change are termed chemical properties. 



QUESTIONS. CHAPTER L 

i. Briefly explain wlut you understand to be the method of 
scientific inqnv y 

2 To what chiot causes wore the mistakes of the early 
chemists due' 

3, "What do you consider to be the field of inquiry for the 
chemist ? 

4 Describe an experiment illustrating the apparent trans- 
mutation of one metal into another. 

5. Explain the difference between & physical and a chemical 
change, 



CHAPTEE II 



THE NATURE AND ACTION OF AIR, 

5. Operations of Weighing, Effect of Moisture, Now 
let us make further inquiry into the results comprised under 
Exp 4 in the previous chapter, with the view especially of 
learning the significance of the changes in mass which have 
there been recorded. 

The operations of weighing must now be performed in 
such a manner as to secure accuracy, 
and exclude the complications arising 
fiom causes really external to the ex- 
peiiment. Vessels, and especially finely- 
divided substances, if left about, take 
up moisture from the surrounding air, 
and become heavier, sometimes in a 
marked degree. We shall simplify our 
labours if we proceed in such a manner 
as to prevent this occurring. 

This we can do by keeping the air of 
the balance case as dry as possible, and 
by providing a dry air chamber in which to keep the 
vessel and substance while it is cooling, for it must never 
be weighed until it is quite cold. The piece of apparatus 
shown in Fig 3 is termed a desiccator. 

It is divided into two compartments communicating with 
one another, A circular piece of wire gauze is placed at 
the bottom of the upper compartment, and on this stands a 
pipe-clay triangle with the wires bent down to form legs ; 
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crucibles, etc, can be supported on the triangle while 
cooling. The lower compartment contains calcium chloride, 
by means of which the air in the desiccator is kept dry.* 

Exp 7 Take a small porcelain crucible and half fill it with finely 
powdeied sand or diied soil Heat it ovei the Burden bumer foi say 
nfteen minntes, till it is led-hot thiougliout. Now lemove it At once, 
while still lio+, to the desiccator, and allow it to cool Weigh it as 
quickly as possible Leave it in the air of the room for a day, and then 
weigh it again. Note the inciease in weight. 

We shall hencef 01 tvard take it for granted that where- 
ever accuracy is desired such precautions will be adopted in 
order to exclude moisture. 

6. Effect of the Presence of Air 

Exp 8 Introduce a small piece of lead into a porcelain crucible 
and weigh the whole. Heat over the flame of a Bunsen huiuei, and 
from time to time incline the crucible, tuiumg it round so as to expose 
the blight suiface of the metal. Continue the heating until there 13 
no longei any bright metal to be seen, but in place of it a yellow sub- 
stance, readily ciushed and powdered Cool and weigh You will 
note that there is an inciease in weight. 

Exp 9, Introduce lead into a ciucible as before, and then fill up 
with clean white sand f ; weigh ; heat as befoie without distmbing the 
ciucible or the sand overlying the lead. After say half an houi allow 
it to cool, and weigh Note that theie is no change in weight. Now 
throw out the sand and examine the lead at the bottom of the crucible. 
You will find that it has undei^one no change except that it has melted 
and solidified again Also examine the sand and note that its appear- 
ance has not changed 

A similar pair of experiments may be made using 
magnesium, tin, copper, or iron instead of the lead. 

In each ca&e you will find that under the conditions of 
Exp. 8 the metal undergoes a permanent change in char- 
acter and increases in weight, whereas under the conditions 
of Exp. 9 there is no permanent alteration in character and 
no change in weight. 

* Leave a fragment of calcium chloiide on a watch glass in the air 
of the room, and note how in the course of the day it becomes moist 
and increases in weight. 

t The sand should have been previously strongly heated and allowed 
to cool in the desiccator. 
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Exp 10 Introduce a piece of charcoal into an open crucible? and 
weigh, j^ow heat tLe ciucible and obsoive that soon the charcoal 
glows arid gradually burns away, leaving only a minute quantity oi 
white ash. 

Exp 11 Repeat the experiment, as with the lead, coveiing the 
charcoal with a thick layer of sand Satisfy yourself that heating, 
even it continued for a consideiable tune, fails to bring about any 
material alteiation in the weight Now allow the ciuciule to cool and 
tuin out the contents You will find that neither the charcoal noi the 
sand has undei gone any change. 

7 Review of the Experimental Eesults. From these 
experiments it appears that the transformation of lead into 
a yellow substance, differing in mass and in properties from 
lead, takes place under the conditions of Exp. 8, but not 
under those of Exp. 9. Likewise that charcoal burns away 
under the conditions of Exp. 10, and not under those of 
Exp. 11. 

In what do these conditions differ? Chemists in the 
seventeenth century were fully aware of these changes, and 
were even aware of the fact that they were accompanied 
by a gain (or apparently in some cases a loss) of mass. 
The increment of substance was, however, regarded for 
long as of small importance, and attributed to particles 
derived from the flame. 

In these experiments the flame and the heat are provided 
under both sets of conditions, and the sole difference that 
can be detected is that in one case there is free access of 
air, whilst in the other the substance is imprisoned beneath 
the sand and shut off from the air. 

8. Action of Air during the Heating Operation. Before 
we proceed to examine how and why the air effects such a 
change, let us satisfy ourselves that the lead, however 
unlikely it may appear to be so, is still contained in the 
yellowish residue from Exp. 8 

Exp 12. Scrape out of the crucible some of this lesidue, powder it 
veiy fine, and introduce it into a fiesh crucible. Now take about a 
gramme of finely-powdered charcoal, and mix it (by stiirmg with a 
thin glass lod) intimately with the yellowish powder By gently 
tapping the crucible shake the contents well together, and cover the 
suriace with a layer of powdered charcoal, Put a lid on the ciucible. 
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[Why '] Heat over the flame for an houi without distuibance Allow 
to cool, and then caiefully shake out the clurcoal and see what lies 
under it 

Examine the substance, press it in amoitir, and satisfy yourself that 
it coi responds to the metal taken in Exp. 10 

The suggestion which these experiments give rise to, 
that an plays an important part in the changes observed, 
is one that must be tested with great care, and further 
experiments must be devised in order more fully to 
appreciate the nature of the changes For the present 
you will he satisfied to note, that while heating in air 
transformed the lead into a yellow powder with increase in 
mass, the heating of this yellow powder with charcoal has 
brought it back to metallic lead again. 

9, The changes which. Air may effect at Ordinary 
Temperatures. Bnsting of Iron. Our next investigations 
will be made upon iron> a substance which possesses the 
advantages of being familiar to us, not only in itself but in 
the changes which it undergoes, and also in respect of the 
fact that such changes take place at ordinary temperatures. 

Exp. 13 Obtain some bright iron or steel filings,* sprinkle a thin 
Liyei of them on a watch glass ; ^ eigh ; place 111 the desiccator, and 
leave them there for two or thiee days, after which again weigh. You 
will find that the weight lemaius unaltered. Examine the filings with 
a lens ; they piesent the same appeaiance as at fiist 

Ezp 14. Peifoim the same opeiations with the difference that the 
filings aie left under a bell -jar, the inner surface of \\hich is well 
moistened with water. This time you will find that theie is an 
mciease m weight and that the filings have become covered more 01 
less completely \vith a i eddish-yellow powdery-looking substance, f 

The change which has taken place in the one case, and of 
which evidence is wanting in the other, is one that you 
must frequently have observed in iron utensils, railway 
lines, etc. It is termed " rusting,'' and the reddish-yellow 
powder formed is called " rust." So far you find it to be 

* Such filings aie usually contaminated with oil, and this should be 
lemovcdby shaking them with a little ether, pom ing off the liquid, 
and then leaving them a few minutes in a dry, warm place m a 
steam bath or m a gently warmed basin 

t Reserve these rusty filings for a later experiment. 
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associated with an increase in weight and apparently due in 
some way to the moisture, for in dry air it did not take 
place. Let us now try to find out whether rusting will take 
place in the presence of moisture alone. 

Exp 15. Fit a round-bottomed flask of about a litre capacity with 
a rubber coik, tlnough which passes a slioit length ot lathei wide 
glass tubing to winch is attacbed an inch 01 two of indiai libber tubing 
Intioduce about 300 c c of hot water, and diop into this some yaids 
of blight non wne wiapped into small compass by winding it round 
the fingers Now boil the water, not too violently, but so that the 
steam issues freely fiom the end of the rubber tubing. Continue the 
boiling loi at lea^t a quaitci of an hour, and then slip over the lubber 
tubing a stiong biass clip, being careful, just the ^llstant be fen c doing so, 
to remove the burner Dining the boiling the steam \\ill have dis- 
placed the air almost completely from the ilask. By turning the flask 
about you will be able to expose the wire to the spaco occupied by 
water vapour. Leave it so for some days, and note that the wue keeps 
quite untarnished. After that let in an, and notice how after some 
hours reddish-yellow rust forms on the wire. 

The rusting of the iron therefore takes place only in 

presence of air and moisture, and does not occur either in 

i/ * 

dry air or moisture alone, 

10. Does all the Air take part in the Process ? 

Exp 16 Take now a tall narrow cylinder moistened over its inner 
surface, and spunkle non filings freely o"ver this surface. Invert over 
water contained in an earthenwaie or glass tiough, taking caie that 
you do not let^any air escape from the cylinder Note that soon the 
water begins to use m the cylinder, and that after a day or two it 
rises no furthei The air m the cylinder is now under diminished 
pressure. To lestoie the picssure to that of the atmosphere pour 
water into the tiough till the level is the same inside and outside the 
cylinder. Maik the level carefully by means of a piece of gummed 
paper Now remove the cyhndei, empty it, and pour water into it 
from a graduated cylinder, noting tha volume of water needed 

(a) To fill up to the mark 

(6) To fill it fiom the maik to the top 

You will find that the ratio a 6 is approximately 4 1. 

Repeat the experiment, and if in tbe first expeinnent none of the 
filings remained bright aftei the water had ceased to n&e, use a quan- 
tity sufficiently large for this to be the case. You will find that the 
result is the same 

Obviously then only about one-fifth of the air takes part 
in the process of rusting, for some of the filings remain 
bright after this quantity has been removed. 
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11. What has become of the Air which has disappeared ? 
Recalling the fact demonstrated in Exp. 14 that the 
rusting of iron is accompanied by an increase in weight,* 
we are justified in concluding that the air which has dis- 
appeared has become in some way fixed or added on to the 
iron, and that the result of this fixation is the conversion 
of the iron into reddish-yellow iu&t. 

12. The Nature of the Change which takes place when 
Metals are heated in Air. We have seen in Exps. 4 and 
8 that when metals are heated in air they increase in 
weight and become changed into earthy-looking powders 
(which the early chemists called "calces" [sing, "calx"] 
of the metals). Oan we esplain these changes as we did 
the rusting of iron ? If so, then they should be accompanied 
by the disappearance of a certain amount of air. Let us 
test this by burning magnesium (for example) in an 
enclosed volume of air. 

Exp 17 Arrange a bell-jar in a trough containing water (see 
Fig 4). Let the bell-jar be ground on the base, and be not too narrow 
nor too large. If the trough be a glass one, it 
will be necessaiy to have a thin disc of rubber 
on the bottom upon which to press the bell jar 
fhrnly and so prevent any escape of an thiough 
expanbion by the heat of combustion Maik 
/l\ the level of the water in the jar by means of a 

piece of gmrmed paper. Attach a piece of 
magnesium nbbon to a coik which fits the bell- 
jar well Ignite the magnebium, and as quickly 
as possible place it in the bell-jar, piessing 
down the Loll-jai firmly with the othei hand, 
FIG. 4. and pushing in the coik tight. After burning 

bnghtly a shoit time the magnesium goes out. 

The water uses lapidly inside the jai. When it ceases to rise iurther 
pour water into the tiough till the level is the same in bell-jar and 
tiough Again mark the level of the water with gummed paper Now 
pioceed, as in Exp 16, to measure the volume up to each gummed 
mark. The laiger volume (say v) repiesents the volume of an originally 
present in the jar; the ditieicnce between the two (say -y-^) the 
volume of air which has disappeared. You will find that v ^ : v = 1 : 5, 
^. t. one-fifth of the an has disappeaied as in Exp 16. 

* It is assumed that the student la acquainted with the fact that <wt 
has weight. 
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Similar results would be obtained by heating other metals 
in an enclosed volume of air, so that we may safely con- 
clude that the change in appearance and properties and the 
increase in weight which the metals undergo is due to the 
fixation of air on them. 

Exp 18 Allow some iron to rust m a cylinder of an, as m E^cp 16, 
till the li-vel of water ceases to use. Place a glass plate o\ or the mouth 
of the cylinder, take it out of the wati-r and stand it uptight on the 
table Remove the glass plate and intioduoe a lighted taper; it is 
extinguished. Next bum magnesium m a bell-jai, as m Exp 17 
Now take the coik out of the jai and introduce a lighted taper , again 
it is extinguished. 

From this similarity in behaviour, and from the fact that 
in both Exps. 16 and 17 about one-fifth of the air was 
removed, we may suppose that ordinary air consists of two 
gases in the proportion of 4 : 1 by volume, and that iron on 
rusting and magnesium on burning have removed the 
constituent present in smaller quantity. This we may 
term the actim constituent, and that present in larger 
quantity the inactive constituent The Litter has buen 
named Nitrogen, and we shall in future call it by that name. 

13 Burning 1 of Non-metallic Substances in Air Motals 
are, however, not the only substances which will remove 
the active constituent from air y any substance which will 
burn m air is capable ot doing this, e. g. phosphorus, 
sulphur, a candle. Let us demonstrate this in the case of 
the first-named substance. 

Exp 19. Stand a small porcelain crucible containing some red 
phosphorus on a coik, and float on water in a tioucfli. Place a large 
bell-jar with a narrow neck over the crueiblo Maik the le\ el of the 
Wetter in the jai with, gummed paper Now iguite the phosphoius by 
touching it with a hot wiie, and clo&e the bell-jar at vnct, by means 
of a cork or stopper. The phosphoms will bum biightly at nist, and 
the heat evolved will expand the gas, and dcpiass the walei in&nlo the 
jar Aftei a little time the combn&tion will OIMSO, and the \\ater will 
ultimately rise above its original level The line white po\\ dei which 
is foimed during the combustion (consi&tmg of phosphorus pentoxide) 
will giadually t>ettle down, and dissolve in the \vdtei. When th 
watei has ceased to rise within the ]ar, poui more watei into the vessel 
in which it stands until the level 1& the same in both. You will find 
(using the method of Exp 16) that o'ne- fifth of the air lias disappeared. 
Test the residual gas as in Exp. 18. It is mtiogen 

Note Burn away all the remains of phosphorus in the crucible in a 
fiime cupboard ; do not vnpc it off with a, cloth, 
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14. The Active Constituent of Air (Oxygen), We must 
now inquire whether it is possible to recover the active 
constituent of the air from the calx of a metal 

We choose for our first experiment a calx of mercury 
known as * c red precipitate/' and which can be obtained by 
heating mercury for a long time at a certain temperature 
in contact with air.* 

Exp 20 Into a haid-glasa tube introduce sufficient crystalline red 
precipitate to cover a threepenny-piece, and hold it in a Bunsen flame. 
Notice that the colour of the powdei changes fioin scailet to black it 
looks " burnt " Take the tube fiom the name, let it cool, and notice 
what happens. The scarlet coloui is lecoveied. Evidently the change 
is not due to burmng 

Have by you a splinter of wood long enough to reach down to the 
bottom of the tube. Now heat the latter in the hottest part of the 
flame (i e. near the tip). You will obseive a minor gradually foiming 
on the sides of the tube Ignite the splinter, blow out the flame, and 
thrust the glowing end down the tube. Observe that the glowing 
splintei bursts into flame, arid burns moie bughtly than in common air 

Now scrape off the minor formed m the tube with the clean end of 
the splint. You obtain a liquid metallic globule of " quicksilver tr or 



If, then, mercury is heated in air to a certain temperature, 
we obtain the calx of the metal , and we have just found 
that, by heating the calx to a higher temperature (for the 
temperature of the hottest part of the Bunsen flame is much 
higher than that at which mercury is conveited into red 
precipitate), the calx has been broken up again into 
mercury and a gas which is more active than ordinary air 
This gas must, therefore, be the active constituent of air. 
It is called oxygen. 

Exp. 20 (continued) Try the same experiment, using red lead. 
Here, again, you obtain oxygen ; bvtthe tesidue in fketubeistwt metallic, 
lead : it is a yellow solid, litharge, which is the yellow calx of lead, 
that is, the substance obtained in Exp 8 by heating lead in air [Red 
lead is aUo obtained by heating lead in air, but alo\\er temperature 
must be used than in the preparation of litharge ] 

Now heat in a similar way the white powders you obtained from 
magnesium and tin m Ex:p 4, and the itisty iron filings formed in 
Exp 14 None of these gives otf any oxygen 

* Red precipitate is usually prepared by quite a different method, 
and is a substance which may be easily procuied fioin the chemist. 
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It is clear, therefore, that the oxygen is not recoverable 
from all the bodies obtained by heating metals in the air 
or simply exposing them to the air, as m the case of iron 
rust at any rate, not by simple heating 

15, Elements and Compounds Red precipitate contains, 
then, at least two substances mercury and oxygen which 
are joined together in some mysterious way, so that the 
product is an entirely different substance from either of its 
constituents This kind of union is termed chemical com- 
bination, and both the formation of this substance by 
heating mercury in air and its subsequent decomposition 
by heat are excellent examples of chemical changes. Red 
precipitate is an instance of a chemical compound ; so also 
are red lead, iron rust, and the calces of the metals in 
general. Chemical compounds, then, are evidently sub- 
stances which may be split up into two (or more) new 
substances. Now neither mercury nor oxygen has, so far, 
by any means in the chemist's power, been decomposed 
into anything simpler. Substances like mercury and 
oxygen, which have up to the present resisted all attempts 
to break them up into simpler bodies, are termed elements, 
Nitrogen is also an element, as are all the pure metals, as 
well as sulphur, carbon, and a great many substances. In 
all about 75 elements are known ; but some of them are 
very rare, and only obtained with great difficulty. 

A chemical compound containing oxygen and some other 
element is termed an oxide : red precipitate, for instance, 
is oxide of mercury ; red lead and litharge are oxides of 
lead; iron rust is an oxide of iron.* 

16. Preparation of Oxygen in Quantity. We have seen 
that it is not easy to obtain supplies of pure oxygen, 
unmixed with other gases, from the atmosphere; nor are 
there naturally occurring substances which readily yield 
the gas in quantity. " Nitre," which is found in quantity 
in Chili, and "pyrolusite" (manganese dioxide) will, when 
1 strongly heated, give up fire-air, and were used by the 

earlier chemists as sources of the gas. 

* It is not, however, pure oxide of iron , in addition it contains ferric 
hydroxide and ferrous carbonate in vary ing proportions. 

T. CHEM. I 
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There are, however, substances which have been specially 
prepared by the chemist more convenient for the purpose 
than red precipitate, or red lead, or any of these naturally 
occurring bodies. One of these is " chlorate of potash," the 
nature of which you will more fully appreciate at a later 
stage. We shall use it at present merely as a means of 
obtaining oxygen free from other gases. 

Exp 21. Heat a small quantity of potassium chlorate in a test- 
tube. Notice tliat it first crackles, then melts, and at last seems to 
boil At this stage test the issuing gas with a glowing splinter. It 
will be found to be oxygen Now heat some more potassium chlorate, 
first grinding it up m a mortar with a little manganese dioxide, till 
the substances are thoroughly mixed. Observe that the mixture gives 
off oxygen much more readily than potassium chlorate alone 

It is a remarkable fact that the manganese dioxide is 
unchanged at the end of the operation, the oxygen appear- 
ing to have come from the chlorate only It is, however, 
very likely that the manganese dioxide does take some part 
in the reaction, but we cannot stop to discuss the question 
here. 

The mixture just described is the one generally used to 
prepare oxygen in large quantities, and is often called the 
" oxygen mixture." 




FIG. 5. 

Exp. 22 Bend a glass tube, about a foot in length, into the shape 
shown in Fig. 5, and pass the longer end through a cork fitting into a 
round-bottomed flask of hard glass. 
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Pour sufficient water into a pneumatic trough to cover its shelf by at 
least half-an-mch. Fill one large gas-jar and five smaller ones with 
water and invert them in the tiough Have ready some giound-glass 
coveis to be placed over the mouths of the ]ais when filled with gas. 

Fill the flask about one-quaiter full with a mixtuie of potassium 
chloiate with about one-quaiter of its weight of manganese dioxide, and 
fix it as shown in the figui e, so that the delivery tube just dips under 
the shelf of the trough. Use a small flame to heat the mixtuie, and 
move it to and fro to avoid getting too high a temperature Oxygen 
soon comes off lapidly, and after allowing a short time for the an m 
the flask to be driven out, place a jar in position on the shelf, and, 
when filled, quickly cover its mouth while still under water with a 
glass plate, and leplace it by a second jar, and so on. 

We have collected the oxygen by the " displacement of 
water," a method generally employed for collecting gases 
that are not too soluble in water. 

-Note on Manganese Dioxide.Befoie using a fiesh sample of this 
compound for the production of oxygen, it should always be tested for 
carbonaceous matter (soot, etc ), as such material is apt to cause 
explosion when heated with potassium chloiate. To do this, mix it with 
some of the chlorate and heat gently m an open crucible. If the 
action is violent, reject the sample of dioxide 

17. Properties of Oxygen and Comparison with Ordinary 
Air, 

Exp 23 You will already have noticed that oxygen is colourless 
like ordinary air. Remove the cover from a small jar of the gas 
and inhale a little of it You will find that it is 
odourless and tasteless, but that it produces a feeling 
of exhilaration as though it were ordinary air 



Exp 24. Fill the bowls of two deflagrating spoons 
(see Fig 6) with flowers of sulphur, ignite the sulphur 
and plunge one spoon into a jar of an, the othei into 
a small jar of oxygen, taking care that the brass 
plates of the spoons fit down on the jars. Observe 
that in both cases the sulphur bums with a pale blue 
flame and gives off white fumes, and that on slightly 
raising the spoons the familiar disagreeable odour of 
burning sulphur is noticeable. The only diffeience 
you will observe is that in the case of oxygen the ^=- ^ 

bmnmg is more vigorous and the smell moie FIG. 6. 

intense. 

Note. Burn off all the sulphur remaining on the spoon before doing 
the next experiment. 
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Exp. 25. Cut off from some yellow phosphoius, held Mow water, a 
piece not "bigger than a pea, and tiansfer it on the point of a knife to 
the clean, cold deflagiatmg spoon Diy it by touching it with a bit of 
filter paper, and watch it foi a few beconds. White fumes with a 
pecuhai odour aie given oil ; the phosphoius is already leacting with 
the air. Touch the phosphoius with a waim glass rod and plunge it 
into a jar of air, keeping the brass plate well down on the jai. Note 
that the phosphorus burns with a blight white flame evolving dense 
white fumes. 

Repeat tLe expenment with a small jar of oxygen and observe that 
the result is the same, but that the flame is more bulliant. 

Note. Burn away all the lemama of phosphorus on the spoon m a 
fume cupboard. 

Exp 26 TViie a bit of charcoal to the end of a deflagrating spoon. 
Make it red-hot, then remove it fiom the flame and watch it It soon 
ceases to glow Now nuke it red-hot again and intioduce it into a 
small jar of oxygen It continues to glow and giadually disappeais, 
just as it did in air when the external heating was kept up as in 
Exp 10. 

Exp 27. Attach a piece of magnesium nbbon to a deflagiating 
spoon, ignite the end of the ribbon, and plunge it into a jar of an. 
Note that the magnesium bums with a veiy bright flame and foima- 
tion of white fumes, which settle down as a white powder on the walls 
of the jar. Repeat the experiment with a small cylinder of oxygen. 
You will observe that the result is similar but that the burning is 
much more vigorous, the flames being intensely bright. 

Exp 28 Introduce through a funnel sufficient sand to cover the 
bottom of the large jar of oxygen which you collected to a depth of 
about half-an-inch. Roll 8 or 10 inches of thin iron wire round a glass 
rod to form a spiral, and fasten a bit of match stalk to one end 
Attach the other end to a deflagrating spoon. Light the match and 
plunge the wire into the jar. The iron wire burns and small black 
globules fall on to the sand Repeat this experiment, using a 
cylinder of air ; the wire does not burn 

It is quite obvious from the foregoing experiments that 
oxygen possesses the properties of ordinary air in an in- 
tensified degree, or in other words that air behaves as 
though it were diluted oxygen We shall experience no 
difficulty m understanding this when we recall the fact that 
only one-fifth of the air is oxygen, the remainder consisting 
of the inactive gas nitrogen. 
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aUESTIOHS.-CHAPTER II, 

1 Describe a desiccator and explain its use. 

2. Describe two experiments illustrating the part played 

by air in chemical changes, 

3. What conditions are necessary for the rusting of iron 1 

Desciibe experiments in support of your answer, 

4. What do you suppose takes place when magnesium 

burns in air^ Describe the experiments you would 
perform to verify your statement, 

5. What is red precipitate ? What happens when it is 

heated * What other red powder behaves somewhat 
similarly 1 In what respects do they differ ? 

6. Distinguish between tc element " and " compound," Give 

as many examples as you can of substances belong- 
ing to each of these classes of bodies, 

7. How would you prepare oxygen gas in quantity? 

Sketch the apparatus you would use Describe in 
detail the experiments you would perform to show 
that when substances are burnt in oxygen the pro- 
ducts are the same as when the same substances are 
burnt in air, 

8. Describe as carefully as you can how you would prove 

that when phosphorus burns in air in a confined 
space one-fifth of the air disappears. What has 
become of this portion? Why is it necessary to 
make the level of the water inside and outside the jar 
the same before measuring the residual volume of air ? 



CHAPTER III. 

THE NATURE AND ACTION OF WATER. 

18, Behaviour of Substances towards Water. We will 
commence our study of water in a manner similar to that 
which we followed in the case of air, I e. by investigating 
the changes which familiar substances undergo in contact 
with water. Let us take nitre or saltpetre (potassium 
nitrate) as our first substance, 

Exp 29 In a test-tube containing a little cold water place a few 
crystals of nitre Notice that they gradually get less and less m bulk, 
and finally disappear from sight. We say the nitre has dissolved, 
and that it is soluble in water What we have in the test-tube now is 
a solution of nitre in water. The water is termed the solvent. The 
word solute has been suggested for the substance (in this case nitre) 
that has dissolved 

Now add more nitre, and shake ; probably that will dissolve also, 
At length, however, if we continue to add the solid, a point will be 
reached at which some will remain undissolved m that quantity of 
water. 

"We have now a saturated solution of nitre in cold water 
There are two ways in which we could cause the still un- 
dissolved portion to pass into solution : one is very obvious 
namely, the addition of more water; the other, not so 
obvious, is by warming the water already there. The hot 
solution would dissolve more nitrate before the point of 
saturation was reached; but this also would, in the end, 
become saturated. We may obviously have saturated 
solutions at various temperatures, and it is evident that 
the quantity of solid necessary to produce such a solution 
will depend on two things at least (1) the quantity of 
water present; (2) the temperature of that water. 
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19. Crystallisation. If now the hot saturated solution 
be allowed to stand for some time, the nitre will reappear ; 
it will separate out from the solution in the form of crystals, 
but only in part , for the remaining liquid must always be 
a saturated solution. These crystals will almost certainly 
be large and well formed, as crystals usually are when they 
form by the slow cooling of hot saturated solutions (or the 
slow evaporation of cold saturated solutions). 

Exp 29 (continued}. Allow the hot solution of nitie to stand. 
Note the formation of ciystals 

If the hot solution be poured into a clock-glass, the 
crystals will be small and will separate more quickly, 
because the cooling is rapid owing to the large surface 
exposed. A crystal has a definite geometrical form, and 
many substances may be recognised by the shape of their 
crystals The student should examine and draw well- 
formed crystals of calcite, alum, sugar, and blue vitriol. 
If a well-formed crystal of any substance be suspended 
by a very fine thread in a saturated solution of the same 
substance, it will grow at the expense of the solution, but 
will usually retain its shape. In this way very large and 
almost perfect crystals of some substances may be obtained. 
Alum is a good substance to experiment with in this way. 

Water of Crystallisation, Many crystals when heated 
give off water and fall to a powder. Elue vitriol, or copper 
sulphate, will serve to illustrate the peculiarity of some 
crystalline substances. 

Exp. 30. Grind up some crystals of copper sulphate to a fine 
powder. Introduce a little of the powder into a porcelain crucible 
and weigh (with lid) Place the lid so that it only partly covers the 
crucible, and heat over a small flame which does not touch the crucible. 
Notice that the powder giadually becomes white. Now place the lid 
completely on the crucible and remove to a desiccator. When cold 
weigh. You will find that there is a loss in weight 

Now drop a little water upon the powder (anhydious* copper sul- 
phate) and note the return of the "blue colour. This serves as a 
delicate test for the presence of water. 

* From a Gieek word meaning without water. 
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If the white powder is dissolved up again in water and 
partially evaporated, and then set aside to cool, blue ciystals 
may again be obtained. Water appears to be essential to 
the formation of some crystals Such water is termed 
water of crystallisation. Washing soda, alum, and borax 
contain also a large proportion of such water. 

Amorphous substances are those which do not possess 
a crystalline form. Examples of this class are chalk, 
charcoal, and starch* 




FIG. 7. a, 6, c, d indicate the manner of folding the circular 
filter paper. 

20. Filtration. 

Exp 31 Fit up a filter of the form shown in Fig 7, and pour 
through it some of the nitre solution obtained in Exp, 29 (usm* 
unglazed paper, called filter paper) You will find that the whole 
of it runs through. Nothing of a solid character xs letained by the 
paper. 
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From this we gather that dissolved matter cannot be 
removed by filtration, the pores 
of the filter paper are evidently 
laiger than the particles of the 
dissolved substance (as well as 
those of the solvent). To re- 
cover the solute (nitre in this 
case) we must either boil off the 
solvent (water) or allow it to 
evaporate into- the air. 

dl ^^= 

Exp. 31 (continued).PoMT some of FIG. 8. 

the nitre solution into a porcelain dish 

and evaporate off the water by placing it on a water bath (see Fig. 8). 
The nitre remains behind. 





Fia. 9. 

Distillation. If we wish to recover the solvent (in this 
case water) we must make suitable arrangements to con- 
dense it. This is best done by using a Liebig condenser, 
which consists of a glass tube surrounded by a wider tube, 
through which cold water is made to circulate (Fig. 9). 



Exp 31 (continued). Poui the remainder of the nitre solution into 
a, flask and connect with a condenser, as shown in Fig. 9. Boil 
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the liquid in the flask, The steam passes through the inner tube of 
the condenser, where it becomes liquid, and flows down into the flask 
placed to receive it. Do not Loil off all the water or the flask may 
crack. Evaporate to dryness a little of the condensed liquid Theie 
is no residue, shewing that only the water has passed ovei 

The process of boiling a liquid and condensing and 
collecting the vapour as yon have done in Exp. 31 is 
known as distillation. 

21, Solubility Curves. Let us now investigate the 
solubility of nitre quantitatively at different temperatures. 

Exp. 32 Introduce about 100 c cs of water into a small flask, add 
some finely powdered* nitre, and shake well If the powder all dis- 
solves add more and shake again Repeat the addition of nitre, if 
necessary, till some remains undissolved after vigorous shaking, ^. e. 
the solution is saturated Allow the mixture to settle, take the 
temperatuie of the liquid with a thermometer (say 10 C.), and then 
pour off about 10 c.cs of the clear liquid into a weighed porcelain 
dish, after carefully wiping the inside of the neck of the flask, on 
which there may be some solid nitre, or water unsaturated with 
nitre Weigh again The diffeience gives the weight of the solu- 
tion (w gms say) 

Now evaporate to dryness on the water bath, wipe the moisture 
off the bottom of the dish, and weigh. The diffeience between 
this and the weight of the empty basin gives the weight of nitre 
dissolved. 

Suppose this is w l gms., then we have w 1 gms of nitre dissolved in 
w - w-i gms of water. Therefore at 10 C. the weight of nitre which 

would dissolve in 100 gins, of water would be ^i x 100 gms. This 

w - % 
is the solubility of mtre at 10 C. expressed as a percentage 

Now warm the water in the flask to about 20 C. and find the 
solubility as before Repeat at 30, 40, and 50 C. 

Next take a piece of squared paper and draw two lines (axes) at 
right angles, one horizontal along the bottom of the paper, the other 
veitical along the left-hand side. 

Mark off along the hoiizontal axis lengths proportional to the 
temperatures taken, and on the vertical axis lengths pioportional to 
the solubilities. Now fiom each point representing a solubility draw 



* Solution takes place more rapidly and effectively if the substance 
is finely powdeied. 
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a horizontal line till it cuts a vertical Ime from the corresponding 
tempeiature Make a cross at the point of in tei section. Join the 
centres of the ciosses by a line, chawing the line so that it foims a 
smooth cnive (see Fig 10). This is called the solubility curve of 
mtie. 



Sodtum Chlortd* 



20" 4O* 6Q 8O* /OO 

Temperature in degrees Centigrade 

FIG. 10. 



By means of this curve you can at once find the solubility 
of nitre at any temperature between C. and 50 C. All 
you have to do is to follow the vertical line corresponding 
to the required temperature till it cuts the curve; then 
follow the horizontal line from this point till it cuts the 
vertical axis and read off the solubility. 

Other examples of soluble substances are common salt, 
sugar, Epsom salts, bicarbonate of soda, alum and borax. 
You might construct solubility curves for them as you did 
for nitre. You would find that the solubilities of these 
substances vary greatly; also that whilst in some cases, 
e g. nitre, the solubility increases very rapidly with rise 
in temperature, in other cases, e. g. common salt, the increase 
is very slight indeed. 
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22. Other Solvents. It is important for the student to 
remember that water is not the only substance which pos- 
sesses this property of dissolving solids. All liquids possess 
this power, in a greater or ]ess degree, though any given 
liquid does not necessarily dissolve the same substances as 
another liquid. 

Some substances that will not dissolve in water dissolve 
readily in other liquids. Sulphur, for example, is very 
soluble in a liquid called cwrbon bisulphide, and resin in 
alcohol or methylated spirit* 

Exp 33 Powder a small piece of sulphur and introduce it into a 
little carbon bisulphide in a test-tube, a little at a time, and shake 
till completely dissolved Then pour on to a clock-glass and allow the 
liquid to evaporate slowly (in a fume closet). Note the yellow crystals 
of sulphur which form. 

23. Insoluble Substances. 
Behaviour of Chalk towards Water. 

Exp. 34 Shake up a quantity of chalk with distilled t water and 
allow the mixture to stand for a considerable time , the chalk 
settles down to the bottom, and leaves a clear liquid above. A 
quantity of this clear liquid may be poured off (decanted) without 
allowing any chalk to be carried with it. Substances which have 
a greater density than chalk (such as red lead) would subside soonei, 
and the liquid above could in those cases be more easily and completely 
separated from the solid. 

This is the process known as separation by decantation. 
We could never by this means effect complete separation. 
We could, however, separate the chalk and water quite easily 
and completely by means of the filter described in 20. 

Exp. 34 (continued). Pour the mixture of chalk and water on to a 
filter The liquid portion which runs through the filter is termed the 
filtrate, and the chalk left on the paper is called the residue. 

* These liquids are very volatile and ID flammable, and should not 
be boiled in the open air, but in a distillation apparatus, on a water- 
bath. They may, however, be allowed to evaporate slowly in the open 
air, without the application of heat. 

t Distilled water is water produced by boiling ordinary tap water 
and condensing the steam by a suitable cooling apparatus ; on the small 
scale a Liebig condenser (see Fig 9) may he used for this purpose. 
Distilled water contains no dissolved solid matter. 
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It lemains to be seen whether the filtrate contains any chalk in solu- 
tion To aacoitun this, evaporate some to diyness on the water bath 
No lesidue is left, hence we conclude that chalk does not dissolve in 
water. 

The experiment should now be repeated with gypsum and slaked 
lime, and the lesnlts compared Both these substances will be found 
to dissolve, but only to a slight extent 

Since the chalk is retained by the filter paper, it is 
evident that the pores of the paper are too small to allow 
the chalk pai tides to get through, but they cannot prevent 
the water passing through, nor were they small enough to 
prevent dissolved nitre going through with the water. 

The residue on the filter paper may be dried by heating 
at some distance over a small Bunsen flame, or in a steam 
oven, and by this means recovered in its original form. 

Substances which do not dissolve in water, but which 
when mixed with it, even in small quantity, can still be 
seen, are said to be suspended or in suspension. Suspended 
matter can always be completely removed by filtration^ provided 
the filter paper is fine enough. 

Sulphur, red lead, sand, charcoal, may be mentioned as 
other examples of bodies which are insoluble in water. 

24, Separation of Mixtures. It will not be difficult 
now for the student to see how we could effect a separation 
of two substances when' one is soluble in some liquid and 
the other is not. It is only necessary to warm the 
mixture gently with an excess of the solvent, and filter. 
The insoluble portion remains on the filter, the soluble 
portion runs through and may be recovered as described 
already (by evaporation of the solvent). Chalk and nitre 
should now be mixed, and the substances separated in the 
way just described. 

Ezp 35 Separation and Isolation of the Constituents of Gun- 
powder. Using the knowledge alreadj- gained concerning soluble 
and insoluble substances, the student will find this also an instructive 
exercise. Gunpowder contains three mgiedients nitre, sulphur, and 
chaicoal. Of these nitre is soluble in water; sulphur and charcoal 
are insoluble ; but of these sulphur dissolves in carbon, bisulphide. 
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To sepaiate them we pioceed as follows Shake the gunpowder with 
\vater, waim gently, and filter the filtiate contains the mtie, uhich 
can be recovered by evapoiation of the water ; wash the residue on the 
filtei by pouting watei over it a few times, then dry it caiehilly , 
scrape it off the papei and add caibon bisulphide Shake and allow 
to stand , filtei off the liquid fiom the black charcoal and let it 
evaporate slowly in a fume cuphoaid The sulphur is thus lecoveied 
The chaicoal remains behind on the filter. It should be washed \\ith 
a little carbon bisulphide to free it fioin adhering sulphm, and then 
dried 

25. Water as a Solvent for Liquids Water dissolves 
not only many solids, but also some liquids as well. If 
alcohol is shaken up with water, the two liquids mix 
thoroughly, and no process of filtering will separate them. 
Every one, on the ofcher hand, is familiar with the behavi- 
our of oils towards water. Oils do not dissolve in water, 
but either float on the top or sink to the bottom, according 
as their density is less or greater than that of water. 
Partial separation may be effected in these cases by decan- 
tation; but for more complete separation we must have 
recourse to special apparatus (such as the separation 
funnel). 

Carbon bisulphide, chloroform, and turpentine are other 
examples of liquids which do not dissolve in water : the 
first two, being denser, sink \ the last-named, being lighter, 
floats on the water. Ether is an example of a liquid which 
is only slightly soluble m water; so that some would 
dissolve while the remainder would float on the water. 

26. Water as a Solvent for Grases. When a bottle ol 
$oda water is opened, bubbles are seen to rise in large 
quantities to the surface. When these bubbles have 
ceased coming off the liquid can be made to effervesce 
again by shaking the bottle. When shaking no longer 
produces effervescence, a further supply of bubbles can be 
liberated by warming the liquid. All this effervescence is 
due to the escape of a gas that was dissolved in the water. 
By means of a suitable arrangement this gas, which is 
carbon dioxide, can be collected. 

Again, ordinary tap water contains gas dissolved in it. 
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This gas consists of air and carbon dioxide,* 1 it may bo 
partially expelled on warming the wjiter, and may be 
completely expelled on heating to the boiling point. 
Unlike solids, gases dissolve better in cold tnttcr than hot. 
The quantity of a gas dissolved in water will depend upon 
the piessure exerted by the gas upon the water, as well 
as upon the temperature of the water. The gas in soda 
water is forced in under pressure; when the pressure is 
relieved by taking out the stopper some of the gas escapes. 

One litre of ordinary water at 15 is able to dissolve at 
the ordinary pressure about 16 c c of air. 

Aquatic animals (fishes, etc.) obtain the air they breathe 
from that which is dissolved in the water in which they 
live. 

Just as in the case of solids and liquids, some gases 
dissolve more readily than others. It is especially import- 
ant to remember in some of the experiments that follow 
that water is able to take up gases if brought in contact 
with them. 



OUESTIONS, CHAPTEE III. 

1. Explain the terms solvent, solution, water of cryataUi- 

sation, saturated solution. How would you separate 
and recover the ingredients in a mixture of powdered 
sulphur and common salt ?. 

2. Describe carefully how you would proceed to ascertain 

whether a given white powder was soluble in water or 
not. How would you expect the following substances 
to behave when added to water Epsom salts, 
powdered charcoal, carbonate of soda 1 ? 

3. Describe in detail how you would proceed to obtain 

pure water and pure nitre from a solution of nitre in 
water. Sketch the apparatus you would employ. 

* Tap water always contains a considerable quantity of carbonic acid 
gas derived fiom subtoiraiiean souices. 
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4. What do you understand by the term solubility curve V 

How would you proceed expenmentally to obtain the 
solubility curve of washing soda between 15 0. and 
70 CJ 

5. How would you proceed to prove that alum Is more 

soluble in hot than in cold water? 

6. Explain what is meant by distillation^ and describe an 

experiment to illustrate its use. 

7. Describe how you would proceed to investigate the action 

of heat on blue vitriol. State and explain what you 
would observe. 

8. If you were provided with a mixture of chalk and pow- 

dered borax, how would you proceed to obtain a pure 
dry specimen of each constituent? 



CHAPTER IV, 

THE NATURE AND ACTION OF WATER (Continued). 

27. Action of Water on Metals. Production of 
Hydrogen, 

(a) Sodim. 



Exp.36-T 

and drop it into a small quantity of water contained m a beakei. 
Watch the behaviour of the metal thiough the side of the vessel, not 
over it, as the hissing globule sometimes explodes, A tluii heavy 
stream may be seen falling from the disappearing metal, Is the 
metal simply dissolving in the watei 2 It was angular when cast on 
the water: it is now globular, the solid has become liquid Its 
temperatuie has probably risen, Had the metal been placed upon a 
floating filtei paper, the temperature would have risen sufficiently to 
produce a flame, Chemical action between the metal and the water 
may therefore be suspected, 

Fill a small gas-jai with water and invert it in a trough, Cut off 
a piece of sodium about the same size as the fiist, wrap it up in tin- 
foil or thin pheet lead perforated with a few pinholes, and place it 
under the gas-jar. Bubbles of gas are now seen to rise apparently 
from the metal When bubbles cease to lise place a greased cover over 
the mouth of the jar and turn up the latter Bnng a lighted match 
near and slide the cover to one side, The gas bums with a yellow 
flame, 

The inflammable gas is called hydrogen The yellow colour of the 
flame is due to the sodium. 

T, CHEM, 33 1) 
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Rub the liquid in the bcakei between your fingers It is soapy 
Taste it It is caustic. Test it with led litmus papei.* The colour 
changes to blue , ^. e the solution is alkaline. Evapoiate the liquid 
to diyness m a poicelam dish The residue is not sodium, which 
we should expect to find if the metal had merely dissolved in the 
water. The white solid is caustic soda t and is the same substance as 
that from which the solution labelled "sodium, hydroxide" is made. 
Dilute a few drops of this liquid with watei and apply the tests to it 
mentioned above, 



(b) Iron. 

We have seen in Exp. 13 that water alone has no action 

on iron even 
at the boiling 
point. 

Let us now 
try whether 
there is any 
action at a 
higher tempera- 
ture, namely at 
a red heat. 




11. 



Exp 37 Fit up 

and ai range the 
appaiatus shown in 
Fig. 11. It con- 
sists of an iion tube a foot or more in length and a little over half- 
an-inch in diameter, paitly filled with non tuinings or small nails 
It is fitted piopeily at the ends with coiks, one being pierced by a 
glass tube bent at right anglcss and passing into the flask contain- 
ing a little water, while through the other projects the dehveiy 



* Litmus is a vegetable colouring matter, which is very sensitive to 
the action of many chemical substances It turns led in acids, and 
substances which tuin it led aie said to have an acid reaction; it 
turns blue again in alkalies, or in sub&tanees having an alkaline 
reaction^ and it is unaffected by water and man) other substances 
which have a neutral reaction 

Slue litmus paper is piepaied by dipping unglazed paper in a 
solution of litmus (piepaied by boiling commercial litmus with watei 
and filteimg) and diymg it. Red litmus.paper is prepaied in a similai 
way aftei first adding just sufficient acid to the litmus solution to tuin 
it red. 
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tube, cut off as shown above the surface of the water A piece of 
rubber tube is slipped ovei it sufficiently long to deliver the gas into 
the jar The lion tube is supported by a clamp and heated by a 
flat-flame Bun sen bmnei. 

Heat the IT on tube as strongly as possible, and boil the water in the 
flask, which should rest on a sand bath. Steam passes over the red- 
hot nails, and a gas can be collected in the jar. r When sufficient gas 
has been collected, first remove the lubbei poition of the deliveiy 
tube, then the Bun&en with spieading flame, and lastly, when the 
iron tube is no longer red-hot, the Bunsen undeineath the flask* 

Note. The water in the flask must be kept boiling while the gas is 
being collected, or watei may be forced back into the iron tube and 
cause a slight explosion If it should cease to boil, at once remove 
the rubber portion of the delivery tube. 

Test the gas in the jai with a lighted match It burns with a 
piactically non-luminous flame It is hydrogen Turn out the lesidue 
in the tube and examine it. The tiumngs or nails now resemble in 
appeal ance the blue-black substance produced when we burnt iron in 
oxygen (Exp 27) They are, 111 fact, coated with the same substance 
oxide of lion, and this compound is also formed when iron is heated 
strongly in air (the so-called smithy scales" which form on the 
blacksmith's anvil also consist of it). 

(c) Magnesium. 

Exp 38. Put into some water a piece of magnesium ribbon, 
sciaped so that the sin face is quite bright You will find that no gas 
is evolved and the metal is not tainished. 

Exp 39 Now lepeat Exp. 37, using a coil of magnesium nbbon in 
place of non turnings, and leplacmg the iron tubo by one made of 
poicelain 01 hard glass. You will find that the same gas is evolved 
as in Exp 37 Examine the residue m the tube It is a white 
substance resembling that obtained by burning magnesium in air or 
oxygen , it is, in fact, the same substance oxide of magnesium 

Magnesium then, like iron, reacts with water at red 
heat with liberation of hydtogen and formation of oxide of 
magnesium. 

* Befoie collecting any gas in the jar you must take caie that all 
the air has been driven out of the apparatus To test this, collect 
some of the gas in a test-tube, and bring it mouth downwaids to a 
flame An explosion shows that air is still mixed with the hydiogen 
Wait a shoit time and test again. When the gas ignites with only 
a very slight "pop," you may proceed to fill the jais. Neglect of tins 
precaution and want of care ^n keeping flames away from the delivery 
tube Tiave often caused serious, ^cidents, because air and hydrogen 
farm an explosive mixture. 
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(d) Copper. 

Exp. 40. Repeat Exp. 38, using copper instead of iron You will 
find that the copper is not tainished 

Now repeat Exp 37, using copper turnings and a poioelam or 
haid glass tube, No gas will be evolved (after the au has been driven 
out of the apparatus), and on examining the residue in the tube you 
will find that the copper has undergone no change. 

Copper then is not acted upon by water s either in the 
cold or at a red heat. 

The student might continue the experiments with other 
metals, He would find, for example, that potassium 
would behave like sodium, zinc like magnesium, tin like 
copper, and so on. 

28. Composition of Water. We have seen in Exps 

37 and 39 that iron and magnesium react with steam with 
liberation of hydrogen and formation of the same sub- 
stances which are obtained when these metals are burnt 
in oxygen, i.e. the oxides of iron and magnesium. These 
results can readily be explained if we assume that water 
is a compound of hydrogen and oxygen^ for the changes 
which have taken place can then be represented thus : 

Water (composed of hydrogen and oxygen) acted on by 
a metal yields hydrogen and the oxide of the metal 
(composed of the metal and oxygen). 

If this is the true explanation, then we should be able to 
obtain water by the combination of hydrogen and oxygen. 

Before attempting to do this, we will investigate a more 
convenient method for the prepaiation of hydrogen in 
quantity, and will study its properties more fully, 

29. Preparation of Hydrogen. 

Exp. 41. Introduce into a 12-oz flask, fitted with safety funnel 
and delivery tube as shown m Fig 12, 10 gms. of zinc, and add 180 
c.a of dilute sulphunc acid.* Bubbles of gas will be observed to rise 
at the zinc, and the gas passing out of the delivery tub.3 may be 
collected m glass cylinders as shown, taking the precautions referred to 
in tJie footnote on p 35 [Reserve the lesidue in the flask.] 

* Made by pouring sulphuric acid ("oil of vitnol ") slowly with 
gentle agitation into eight or ten times its volume of cold water. The 
acid is --aid to be "diluted" with water. 
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Properties of Hydrogen. The properties of the gas may 
be investigated by carrying out the following experi- 
ments 

Exp 43 (a) Take a cylinder of the g<is, and, holding it mouth 
doAMiwaids, apply a light Notice that the hydrogen buins with a 
pale blue piactically non-1 umiiious flame, and that the burning takes 
place only at the mouth of the cyhndei, i e wheie it hns access to air ; 
also that a lighted tapei pushed up into the cyhndei whilst the 
hydiogen is burning will be extinguished 

(b) Hold a cylinder full of the gas mouth downwards for a shoit 
time ; then apply a light and notice that very little of the gas &eemg 
to have escaped. 

o 




FIG. 12. 

(c) Stand a cylinder on the bench mouth upwaids, without cover, 
for a short time. Test this now with a light. You will find no 
hydrogen there. 

(d) Take a dry cylinder, somewhat smaller than those used for 
collecting the gas, and, holding it mouth downwardsj tiansfer the 
hydrogen fiom one of the cylinders into it by pommg upwaids. The 
hydiogen will rise in the dry cylinder and displace the air from it. 
!N"ow apply a light to the mouth of this cylinder and there will re a 
slight explosion, owing to a small admixture of air duimg the trans- 
feionce, whilst the gas will burn and moisture appear on the sides of 
the cylinder 

(e) Invert a cylinder about two-thirds full of hydrogen (the rest 
being watei) m a trough of water Maik the level of the liquid in 
the cylinder Aftei some time examine it again There is no appieciablc 
change in level, showing that if hydiogen dissolves in water at all its 
solubility is only veiy small. 

b, c, d of Exp 42 illustrate the extreme lightness of 
hydrogen. 
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30. Formation of Water by burning Hydrogen in 
Air. 

Exp 43 Take the hydrogen apparatus used above, replacing the 
long delivery tube by a shorter one leading to one aim of a U-tube 
containing calcium chlonde, Attach a piece of glass tubing, bent as 
shown in Fig. 13, to the other arm of the U-tube The object of this 
tube is to dry the hydrogen befoie burning it, calcium chlonde being a 
substance \vlnch very readily absorbs moisture. * Place some granulated 
zinc fabout 10 gins ) in the flask, and add a little dilute sulphuric acid. 
A gentle effervescence of hydrogen will take place, and the air will be 
duven out. Befoie we hglit the hydiogen we must be sure that all the 
air has been expelled fiom the appaiatua by collecting some of the 
issuing gas in a test- tube placed over the end of the delivery tube, and 
testing it in the manner aheady descubed (see footnote, p. 35). 



Water 




FlG, 13, 

While you aie waiting foi the air to be duven out of the apparatus, 
fit up a flask with two dehveiy tubes, one leaching to the bottom of 
the flask, the other just below the cork, and suppoit it by means of a 
retoit-stand and clamp as shown in the diagiam Connect the deliveiy 
tube which reaches to the bottom of the fla&k to a tap by means of 
lubber tubing; also attach a piece of rubber tubing to the shoit 
delivery tube and allow the loose end of it to dip into a sink Turn on 
the tap , ^ater will flow into the fla&k, fill it, and then ovei flow into 
the sink, Leave the tap turned on slightly so that a slow stream of 
watei flows through the flask. 



* It is obvious that the hydrogen must be dry, or the experiment 
does not prove that the water which collects in the beaker has been 
produced by the buining of the hydrogen. 
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When you Lave lighted the hycbogen jet place the flask m position 
over it as shown m Fig 13 , also place a beaker m the position 
indicated Almost immediately moi&tme appeals to be forming on the 
bottom of the fla&k, and soon drops of liquid tuckle down and fall into 
the beakei [The leason for keeping a stieam of cold water inniiing 
tlnougk the flask will now be obvious It keeps the flask cool and 
aids the condensation of the liquid foimed by the burning of the 
hydiogen ] 

What is this liquid ? It looks liko water. If we examine its 
piopeities, we shall find that (1) it is colomless , (2) it has no smell ; 
(3) it has no ta&te , (4) it docs not burn , (5) it leaves no residue on 
e^apoiation , (6) it has no action on litmus papeis , (7) its density is 
1 (1 c c weighs 1 gm ) , (8) it freezes at 0. , (9) it boils at 100 0. , 
(10) it lestoreu the blue coloui to anhydious copper sulphate. Hence 
we conclude that it is uatcr. 




FIG H. 



When hydrogen, then, burns in ordinary air it forms water , 
it was called hydrogen (water-former) on this account. The 
hydrogen must have combined with either the oxygen or 
the nitrogen of the air or with both. From our previous 
experiments (see 28), we know that it must be with the 
oxygen only. The anticipation made in 28 that we 
should be able to obtain water by the combination of 
hydiogen and oxygen has therefore been realised. The 
experiment described m the following paragraph shows 
how this combination may be brought about m a different 
way. 
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Formation of Water by the Action of Hydrogen on 
Oxides, 

Exp 44 Take a piece of infusible glass tubing about 30 cms. long 
and bay 1 cm boie, and put into it a layer of diy copper oxide 
Support the tube in a slightly inclined position as shown m Fig 14 and 
connect the higher end with a supply of diy hydrogen (piejaied and 
diied as in Exp 11} Connect the other end with a U-tube pailly 
iimneised in a beakei of watei Fiist the oxide is not heated and 
theie is no apparent change ; then it is heated * stionly, using a flat- 
flame buiner, when it changes giadually into rod metallic coppei and 
a liquid collects m the U-tube which can be proved to be water by 
the usual tests. 

The experiment may be repeated using litharge (oxide of lead) or 
red precipitate (oxide of meicuiy). In the tormer case beads of 
metallic lead collect in the tube and in the latter a mirror of mercuiy 
is produced, whilst in both water collects in the U-tube. 

We see, then, that when hydrogen is passed over some 
heated oxides it takes up oxygen, forming water, and leaves 
behind the metal. 

31. Oxidation and Eeduction. The addition of oxygen 
to a substance is called oxidation. Thus when hydrogen 
burns in air, when iron rusts or when lead is heated m air, 
oxygen is taken up and the hydrogen, iron and lead undergo 
oxidation. On the other hand the removal of oxygen from 
a substance is called reduction. The removal of oxygen 
from heated metallic oxides by hydrogen as in Exp. 44 is 
an example of reduction, the hydrogen reducing the oxide 
to the metal. But the hydrogen has taken up the oxygen 
of the oxide and has therefore undergone oxidation, i. e. the 
processes of reduction and oxidation have taken place 
simultaneously ) and we may look upon changes such as these 
from two points of view: (1) as the reduction of the metallic 
oxide by hydrogen, and (2) as the oxidation of the hydrogen 
by the metallic oxide If you refer back to Exp. 12 you will 
see that charcoal also is able to effect reduction or removal 
of oxygen, and you will understand the use of coal or coke 

The same pieeautions are necessary heie as when the hydrogen was 
caused to burn as a jet ; that is, the issuing gas must be tested to see 
if it is free fiom air before the tube is heated. The apparatus, too, 
should "be made cnr-tigfd. This latter precaution is wry important. 
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in the smelting of iron, copper, or other metals f mm their 
ores. Hydrogen and carbon are spoken of as reducing agents. 

32. Decomposition of Water by the Electric Current 
Composition of Water by Volume Let us now investigate 
an entirely different method of determining the constituents 
of water. 

It will be instructive to examine first a peculiar pheno- 
menon which appears when metals are placed in dilute acid. 

Exp. 45 To produce an Electric Current For tins purpose you 
will icqune thin clean plates of coppei and zinc,* say about 15 cm 
long and 10 cm wide Dip these sepaititely for a moment into a 
beakei containing dilute sulphunc acid, and note that the copper 
plate is unaffected, but the bubbles of gas use ftom the zinc plate 
"Now withdraw the zinc plate, and dipping it in still weaker acid, rub 
the sin face with a little meicury until it shows a bught lustie. The 
uppei part of the plate which stood above the level of the acid in the 
beaker need not be coveied with meicury Now again dip both the 
plates in the beaker containing acid ; nothing happens at either plate 
Bring the upper edges of the two plate& together , bubbles of gas me 
from the coppei plate. Sepaiate the plates and bring them together 
again several times , the action ceases on sepaiatiou but commences 
again immediately tie plates touch. 

Now connect copper wues by binding screws to the upper edges of 
the two plates. 

Observe (1) that when you keep the wues apart theie is no evidence 
of action going on in the beakei, but that when jou bmig the ends of 
the wires together the action is set up just as it was when the edges of 
the plates were bi ought together, and that now a small spark appeals 
when the whes touch (2) That if you bring a small compass-needle 
just below the wne, and then bring the ends into contact, the needle 
will be tuined aside each time you make contact. 

If you try to do either of these things simply with two 
pieces of copper wire, you will then be coovinced that there 
is something present in the wires owing to their attachment 
to the metal plates in the acid Metal plates so arranged 
are called a voltaic cell By fitting up several of them, and 
joining the zinc in one cell to the copper in the next by 
copper wire, and finally attaching two lengths of copper 
wire, one to the copper in the first cell, and the other to 
the zinc in the last cell, you may fit up a voltaic lattery -, and 
produce stronger effects than you can do with one cell. 
* Plates of other metals may be also tried in the same way. 
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There is a Mini effect that may be sliown to accompany 
the passage of the electric current along the wires. 

Exp 46 Piocnie two pieces of platinum foil about 5 cms long and 
2 cnw. laoad Puck a low ot holts down the middle of each and thread 
the teiimnal ends of the wnes thiou^h thorn Take now a small 
beaker of dishllod u atei and dip into it the two platinum plates (they 
iiie called chitt'ortc^) , nothing happens. Add a few diops of dilute 
sulplmuc acid to the water; bubbles of gas use fieely from both 
elcctiodes 

The current of electiicity is unable to pass through 
pure water and make itself felt, hut it can pass through 
acidulated water By a suitable arrangement the gases 
evolved may be collected and examined. 

Exp 47 Take a laige bell-jar and paste a thin stup of paper 
lound the &ido of it about halt-way up, aiiangmg so that the two ends 
meet and foim a circle lound the jar With a shaip lile scratch a line 
just above the &tnp of paper (which enables you to keep the line 
.straight). When the scratch foims a complete cncle take a glass lod, 
heat the end led-hot m a Bun&un flame, and touch the scratch with it 
The jar will bieak into two halves Take 
the uppei half and lub the lough edge with 
coaise emeiy paper till it is smooth 

Now take two pieces of platinum wire 
about 6 inches long and attach them to two 
pieces of platinum foil of the size mentioned 
in Exp. 46 (in the way described theie) 
Fuse the wires into pieces of narrow glass 
tubing about 3 inches long, as shown in 
Fig 15 Proem e a two -holed iiibbei cork 
which fits the jar, push 1he glass tubes into 
it, and insert the cork (see diagiam) 

Now poui water, to whit h a little dilute 
snlphuiic acid has been ailded, into the jai 
till the electrodes are covered , also fill two 
tebt-tubes with the same liquid andinveit 
them ovei the electiodes Connect the 
wnes by binding screws with the leads 
fiom a battery oi 3 or 4 Grove's cells A& 
soon as the connection is made gas is seen 
to rise from the electrodes and colleet in the tubes Fuither, the 
volume of gas collecting over the electiode connected with the zinc 
plate of thejbattory (called the ncgatae pole) will be found to be twice 
that collecting over the electrode connected with the platinum plate 




FIG. 15. 
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(which coi responds to the copper plate of our simple cell and is called 
the positive pok). Examine the gases with a lighted splint of wood ; 
you will hud that the gas collected in laigei quantity is hydiogen, that 
in smaller quantity oxygen 

Subject to the possibility that it is something in the 
sulphuric acid with which we are at present insufficiently 
acquainted that gives us bhe hydrogen and oxygen, wo 
should conclude that water yields by its decomposition 
hydrogen and oxygen, and further that it is composed of 
these two elements in the proportion of two to one ly volume. 
That this is the case may be conclusively proved by the 
following experiment * 

Exp. 48 A long graduated glass tube (called a eudio- 
meter), having two platinum wires passed 
into it near one end, which is closed (Fig. 16), 
is taken and filled with mercury and in- 
Verted in mercury Some hydrogen is 
passed in, and then exactly half the volume 
of oxygen. t On connecting the platinum 
wires with a battery and induction coil and 
passing an electric spark through the mixture 
there is an explosion. After a time we find 
the mercury fills the entire tube. This 
proves that the gases have completely com- 
bined and that they were present in the proper proportions 
to form water. Cavendish was the first to establish this 
fact (1781). 

We have now determined the quantitative composition 
of water in two ways . in Exp 47 by decomposing it into 
its constituent elements, i. e by analysis, in Exp 48 by 
combining the constituent elements, i. e. by synthesis. 

* The attidi-nt is not advised to perform this experiment. 

t The mo^t convenient way is to use the mixture of hydrogen and 
oxygen paocluced "by the electiolys s of water. The gases are then 
present m the correct propoition. 




44 THE NATUEE AND ACTION OF WATER. 



QUESTIONS CHAPTER IV, 

1. What happens when dilute sulphuric acid is poured 

upon zinc 1 How would you collect the gas given 
off ? Sketch tho apparatus you would use. Desciibe 
experiments to show that it is a very light substance. 

2. How would you prove conclusively that when hydrogen 

burns in air water is formed 1 

3. Describe all that you may see when a piece of sodium 

is thrown on water in a dish. How does the water 
differ, after the sodium has disappeared, from puie 
water 1 

4. What metals are known to you capable of decomposing 

water? How do they act respectively 1 Sketch the 
apparatus that would be required to collect the 
hydrogen evolved by the use of any one of these 
metals. 

5. How has the composition of water by volume been 

established analytically and synthetically^ 
6 Describe how you would proceed to prepare water from 

a metallic oxide by the action of hydrogen Sketch 

the necessary apparatus. 
7, What do you undei stand by the terms oxidation and 

reduction. Give examples of these processes. 



CHAPTER V. 

ACIDS, SALTS, BASES. 

33. Properties of Acids. 

(a) Sourness. 

Exp 49 (a) Intioduoe one drop of dilute * hydiochloric acid(spin'J of 
salt) and one diop of dilute sulphuric acid lespectively into clean test- 
tubes* and neaily fill the tubes with watei Shake up and then taste 
the liquids They are soui 

Vinegar also is sour Sourness is a characteristic pro- 
perty of a large class of bodies called acids. 

(4) Action on Litmus. 

Exp 49 (1)} Pom a little dilute hydiochloiic acid and a little dilute 
siilphunc acid into separate beakers and dip pieces of blue litmus paper 
into them The colour changes to IngU red, 

(c) Action on Metah 

Exp 49 (c) Fill a test-tube about one-third full of dilute sulphuric 
acid and mtioduce some small pieces of magnesium nbbon Notice 
that theie is a violent effervescence of gas and that the tube soon 
becomes warm After a short time apply a light to the mouth of 
the tube, The gas ignites with a slight explosion and burns with an 
almost non-luminous flame. It is hydrogen 

You may find that when mn&t of the magnesium has dissolved 
colomless crystals sepaiate out in the tube If they do not, filter 
the liquid, evaporate to small bulk in a poicolam dish, and allow 
to cool. Colourless crystals separate out These consist of a substance 
called magnemm sulphate Magnesium has taken the place of the 
hydrogen of the acid. Instead of sulphww acid and magnwum, wo 
have now hydrogen and nwgnmum sulphate. 

* "Dilute" hydrochloric acid is obtained by adding two or three 
volumes of water to one volume of the strong acid, 

45 
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Exp 49 (d). "We have already found in Exp 41 that hydrogen is 
evolved by the action of dilute sulphuuc acid on the metal zinc. 
Examine the residue in the flask (which yon have icseived) You will 
observe that colomle&s ciystals have separated out These consist of 
white mti lol 01 zinc sulphate The zinc has leplaccd the hydiogen of 
the acid, with foimation of zinc sulphate 

In order to obtain the zinc sulphate fiee fiom metallic pai tides, pom 
a little watei into the flask and waim till the crystals dissolve Now 
nltei, evaporate the filtiate slightly, and cool Crystals separate out 

Similar results are obtained if iron is treated with 
dilute sulphuric acid; aLo if hydiochloric acid or acetic 
acid is used with any of these metals instead of sulphuric 
acid. Here, then, we have a third characteristic of an 
acid, namely, that it acts upon certain metals, such as iron, 
zinc, and magnesium, with liberation of hydrogen and 
formation of crystalline substances. 

34. Salts. The crystalline substances produced by the 
action of metals on acids are termed salts Let us see 
whether or not tliey behave like acids towards litmus 

Exp 50 Filter off the crystals of magnesium sulphate obtained in 
Exp 49 (c) Wash them caiefully* with a little water, and then 
dissolve in water. Test the solution with (1) blue litmus paper, (2) 
led litmus paper You will nnd that neither is affected , ^ e. magne- 
sium sulphate is neutral to litmus 

Repeat the expemnent with the crystals of white vitriol obtained m 
Exp. 49 (d] You will find that white vitnol is also neutral to litmus 

The replacement of hydrogen in sulphunc acid by mag- 
nesium or zinc has lemoved from the acid one of its 
characteristic properties that of turning blue litmus red. 
The salts derived from other acids are also neutial to 
litmus in the majority of cases. Since, then, an acid is no 
longer an acid after its hydrogen has been removed, it 
follows that hydrogen is an essential constituent of acids 

The salts derived from sulphuric acid are called sulphates, 
those from hydrochloric acid chlwides ; those from nitric 
acid nitrates > and so on. 

* The success of this experiment depends upon the care with which 
the ciy&tals are washed. Unless the adhenng acid is completely 
lemoved, the solution of the salt will of conr&e be acid to litmus, 
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35. Formation of Acids from Non-metals. 

Exp 51. Bum some sulphur in air as 111 Exp 24 Remove the 
deflagrating spoon, pour a little water into the jar, drop in a piece of 
blue litmus paper and at once cover with a gi eased glass plate Shake 
up Notice that the white fumes disappeai and the blue litmus is 
reddened, showing that an acid Ins been toirned Invert the jai in a 
tiough of water and remove the glass plate , the water uses in the jai 

Poui a little of the acid liquid in the jar into a porcelain ha&in and 
boil it Notice that after a time the smell disappeais. Now test the 
remaining liquid with blue litmus paper ; the litmus is not affected 

The results obtained in the previous experiment are in 
accordance with the following explanation : The sulphur 
in burning combines with oxygen to form an oxide of 
sulphur sulphur dioxide. This substance is a gas which 
dissolves very readily in water, with which it combines 
forming an acid sulphurous acid. [That sulphur dioxide 
alone is not an acid is proved by the fact that when 
quite dry it does not affect dry litmus paper; it is only 
when the gas is dissolved in water that it acquires acid 
properties therefore in all piobability the solution 
contains a compound of sulphur dioxide and water, though 
such a compound has never been isolated.] The water rises 
in the ]ar to take the place of the oxygen which has been 
removed 

The effect of boiling the acid solution is to decompose 
the acid present and drive off the sulphur dioxide in the 
form of gas, 

You might similarly repeat Exp 19, and show by means 
of litmus solution that the water in the trough becomes 
acid Here the white powder formed by the combination 
of phosphorus with the oxygen of the air (phosphorus 
pentoxide) dissolves in the water, and unites with it to form 
an acid phosphoric acid. This is a general property of 
non-metals, i. e. they combine with oxygen to form oxides, 
which unite with water with formation of acids. Such 
oxides are called acidic oxides. 

36. Alkalies: Caustic Soda, Sodium Hydroxide, We 
have already learnt (Exp 36) to recognise this class of sub- 
stances by the use of litmus solution. They possess th 
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property of restoring the colour to litmus which has been 
reddened by the addition of acid But they have another 
important property which we shall now examine. 

One of the most important substances belonging to this 
class of bodies is that known as caustic soda. 

Caustic eoda is a substance of considerable interest and 
importance, and is manufactured in large quantities for 
various purposes, but especially for soap-making. We met 
with it when describing the behaviour of sodium towards 
water. 

Exp 52 Examine a piece of caustic soda and observe that 

(a) It is a white solid, but does not seem to be crystalline 

(b) If left exposed to the an, it becomes moist, that ms, it de- 

liquesces It would, if left long enough 3 lun down to a 
liquid It absoibs moi&tuie fiom the air Such bodies 
aie teimed liycj} Obcopic or dehquescent. 

(c) It dissolves veiy leadily, as do most deliquescent bodies, m 

water, and considerable heat is developed dm ing solution. 
The liquid thus foimod has a soapy feeling. 

(d) This solution turns reddened litmus blue 

Caiefully add to this blue solution a solution of hydrochloiie acid 
until the colour just becomes led (The hydrochloiie acid is conveni- 
ently run in fiom a long tube with a stop-cock at the bottom called a 
burette.) We have now, as it were, balanced the alkali with acid. 
The .slightest quantity of caustic soda solution will change the coloui 
to blue asjam We have here piactically a neutral solution How 
does it differ fiom the acid and the alJcali * 

Jtoil it down to dryness Notice that the solid produced is not like 
eaubtic soda Taste it, You will locogmse it as common salt. 

The salt has been produced by the replacement of the 
hydrogen of the acid by the metal sodium, *. e. it is the 
sodium salt of hydrochloric acid, or sodium chloride Here, 
then, we have a second method of preparing salts, namely, 
by the action of an alkali on an acid. 

An alkali is a substance which possesses the property of 
restoring the blue colour to reddened htmios, cmd of neutralising 
adds with formation of salts. 

Caustic Potash, Potassium Hydroxide, may be examined 
in the same way as was caustic soda. It is an exactly 
similar body, and could not be distinguished from it by 
ordinary means. It, too, will neutralise acids, and when 
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Alum crybtalluscs with 24 H 2 O j 10 II^O separate at 
100 C , a farther 9 H 2 O at 120 C , and nearly the whole 
of the lemamdor at 280 0. In some cases, indeed, such 
as ciystallised sodium carbonate or washing soda, Na 2 CO 3 + 
10 H 2 0, the salt loses water or effloresces at ordinary 
temperatures in a dry atmosphere. 

The amount of water of crystallisation which attaches 
itself to a salt varies according to the temperature at 
which the crystals form Thus, from a solution of sodium 
sulphate, crystals of Na ii S0 4 + 7 II 2 can be obtained at 
temperatures below 2 6, "or crystals of Na 2 S0 4 + 10H 2 O 




Alum Washing soda. 

Alo(SOi)j 24IT.jO. NaaCC 

FIG. 33. FIG 34. 



Epsom salts. 
MgS0 4 . 7H/X 

FIG. 35. 



(Glauber's salt) at temperatures below 34; while above 
34 crystals of Na 2 SO 4 are obtained. Epsom salts, MgSO 4 + 
7 H 2 O, furnishes another example, giving MgSO 4 + 6 H 2 O. 
Frequently, salts which at ordinary temperatures separate 
from solution in the anhydrous condition, possess water of 
crystallisation when crystallised at low temperatures. 
Thus if a concentrated solution of common salt be allowed 
to stand at ordinary temperatures crystals of NaCl are 
obtained, but at- 10C. crystals of NaCl + 2 H 2 O. 

As examples of the crystalline forms assumed by salts 
containing water of crystallisation, we may consider three 
very common substances, viz. alum, washing soda, and 
Epsom salts. Figs. 33, 34 and 35 represent crystals of 
these substances, and it will be noticed how widely the three 
crystals differ in shape. 

M. CHEM. M 
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117. Compounds of Water with Oxides We have seen 
in discussing acids and bases that many oxides combine 
directly with water. The products vary in btabihty, but 
are as a whole very much more stable than those obtained 
when salts and water combine. 

In many cases great heat is evolved when oxides and 
water unite, thus demonstrating the vigorous nature of 
the action. 

Ezp 98. Pour a little water on to some quicklime contained m a 
porcelain dish. Note the clouds of steam formed, showing that 
much heat is evolved during the combination. Dip a thermometer 
in the mixture and note the rise of temperature. 

Other examples of oxides which evolve much heat on 
combination with water are BaO, S0 3 , P 2 ^5- T ^ r i n S 
about the decomposition of the compounds produced a 
correspondingly large amount of heat must be supplied, 
^ e. a high temperature is necessary. 

To explain the greater stability of the compounds of 
water with oxides as compared with the compounds with 
salts, it is supposed that in the latter the water is present in 
whole molecules loosely combined with the molecule of the 
salt, whereas in the former it has completely lost its iden- 
tity. Thus crystallised copper sulphate may be formulated 
CuS0 4 + 5 H 2 O or CuSO 4 5 H 2 0, but barium hydroxide 
must not be represented BaO + H 2 O or BaO H 2 O, i. e. 
as containing a molecule of BaO and a molecule of water ; 
it must be written Ba(OH) 2 , i e. it contains two hydroxyl 
(OH) groups united to an atom of barium. 

The constitutional formulae, adopting the two methods, 
will bring out the difference cleaily 

(1) Ba = O + H - - H 

,0 - H 

(2) Ba< 

\0- H 

It is supposed that all the compounds of water with 
oxides contain one or more (OH) groups, and they are 
consequently called hydroxides, whereas the combinations 
of salts and water are termed hydrates. 
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Action of Metals on Water This has been fully dis- 
cussed in 27, and does not require further treatment 
here. 

118. Action of Water on Compounds containing 
Chlorine. Many compounds of non-metals with chlorine or 
chlorine and oxygen react vigorously with water producing 
hydrochloric acid and another acid (01 sometimes an oxy- 
chloride). Such substances are phosphorus trichloride, PC1 3 , 
phosphorus pentachlonde, PC1 5 , phosphorus oxychloride, 
POC1 3 , and sulphuryl dichlonde, SO 2 C3 2 , The phosphorus 
compounds react with water according to the following 
equations , 

PC1 3 + 3 H 2 - H 3 P0 3 + 3 HC1, 

Phosphorous acid 

PC1 5 + H 2 O - POCLj + 2 HC1 (with a little water). 
POC1 3 + 3 H 2 O = H 3 PO 4 + 3 HC1 (with more water), 

Phosphoiic acid. 

On combining the last two equations to represent the reac- 
tion of PC1 5 with excess of water we get 

PC1 5 + 4 H 2 = H 3 P0 4 + 5 HC1. 

The reaction between sulphuryl dichlonde and water is 
represented thus 

S0 2 C1 2 + 2 H 2 = H 2 S0 4 + 2 HC1. 

Sulphuric acid. 

119. Tests for Water. To distinguish water from other 
colourless liquids the following tests may be applied . 

(1) Add a few drops of the liquid to a small quantity of 
anhydrous copper sulphate (prepared by igniting some 
powdered blue vitriol in a crucible till it is perfectly white 
and allowing it to cool in a desiccator). Water rehydrates 
it and changes the colour from white to blue. 

(2) Add a little of the liquid to some quicklime (see 
Exp. 98). 

(3) Drop a small pellet of sodium or potassium (about the 
size of a pea) on to a portion of the liquid. If the liquid 13 
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water hydrogen will be evolved and will take fire in the 
case of potassium, 

To decide whether water is pure or not its physical 
properties may be utilised. The liquid should 

(a) be colourless, tasteless and odourless ; 

(6) freeze at C. ; 

(c) boil at 100 C. under 760 mm piessure. 

Moreover, pure water should give no precipitate or 
coloration with (1) silver nitrate (showing absence of 
chlorides, (2) barium chloride (showing absence of sulphates), 
(3) Nessler's solution (showing absence of ammonia), (4) 
lime water (showing absence of carbonates). 

HYDROGEN PEROXIDE, H 2 O 2 . 

120. This substance has been found in very small quan- 
tities in rain and snow, and also in the water formed by the 
combustion of hydrogen. 

It is produced in small quantity during the slow oxida- 
tion of phosphorus and in larger quantities when turpen- 
tine is shaken with water in the presence of air, 

Preparation. The peroxides of the alkali and alkaline 
earth metals yield hydrogen peroxide on treatment with 
dilute acids. Either barium peroxide or sodium peroxide 
is generally used in practice The following are the details 
of the preparation of the pure substance using barium 
peroxide and sulphuric acid : 

Some dilute sulphuric acid is placed in a beaker and 
surrounded by a freezing mixture of ice and salt to keep its 
temperature low. A cream of barium peroxide and water 
which has also been cooled in a freezing mixture is then 
slowly run into the acid with constant stirring. Barium 
sulphate is precipitated and hydrogen peroxide goes into 
solution Excess of barium peroxide must not be added 
or it will decompose the hydrogen peroxide. The best way 
is to add rather less than an equivalent quantity of barium 
peroxide (i. e. keep the solution acid to test paper) and re- 
move the excess of acid by barium carbonate. The barium 
sulphate and any excess of barium carbonate are filtered off, 
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and the filtrate evaporated on the water-bath, the tempera- 
ture not being allowed to rise above 75 C , or the hydrogen 
peroxide will be decomposed By this means a considerable 
part of the water is driven off The final purification is 
accomplished by fractionally distilling the liquid under 
reduced pressure (about 10 mm. of mercury). Water comes 
off first, and when this has all been removed the receiver is 
changed 3 on continuing the distillation hydrogen peroxide 
passes over in an almost pure state. 

The equation representing the formation of hydrogen 
peroxide from barium peroxide and sulphuric acid is 

Ba0 2 + H 2 SO 4 = BaSO 4 + H 2 2 . 

121. Properties. Hydrogen peroxide is a thick liquid 
with a specific gravity about 1 5 3 it is colourless in small 
masses, but in large masses it has a decidedly bluer colour 
than water 

Hydrogen peroxide is remarkable for the ease with which 
it breaks up into water and oxygen according to the 
equation 

2 H 2 O 2 = 2 H 2 O + O 2 . 

The pure substance decomposes with explosive violence 
on slight rise of temperature, and the dilute aqueous solu- 
tion loses oxygen rapidly on boiling. 

Hydrogen peroxide affords another interesting example 
of catalysis, for its dilute solution decomposes rapidly at 
ordinary temperature in contact with certain metals such 
as finely-divided platinum, the latter undergoing no change. 

122. Oxidising Action of Hydrogen Peroxide. Owing 
to the ease with which hydrogen peroxide parts with an 
atom of oxygen it is a powerful oxidising agent Thus it 
converts lead sulphide into lead sulphate, according to the 
equation 

PbS + 4 H 2 O 2 = PbS0 4 + 4 H 2 O. 

Lead sulphide. Lead sulpliato 

Ordinary molecular oxygen will not bring about this 
change except on heating. "We have, however, seen ir 
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discussing ozone that atomic oxygen is more active than 
molecular oxygen, and it is the atomic oxygen produced 
when hydrogen peroxide decomposes which acts so readily 
on the lead sulphide. We may therefore represent the 
reaction in two stages 

4 H 2 2 = 4 H 2 + 4 0. 

Atomic. 

PbS + 4 = PbS0 4 . 

Atomic 

This reaction is made use of in restoring the colour of 
old pictures which have been blackened by the action of 
sulphuretted hydrogen on the lead paint. The hydrogen 
peroxide converts the black lead sulphide into white lead 
sulphate Other examples of its oxidising action are 
represented in the following equations : 

H 2 S + H 2 O 2 = 2 H 2 + S. 

Sulphuretted hydrogen " Sulphur 

CaO + H 2 2 = Ca0 2 + H 2 O. 

Calcium monoxide. Calcium dioxide 

2 KI + H 2 2 = 2 KOH + I 2 , 

Potassium iodide, Caustic potash. Iodine 

Hydrogen peroxide possesses the power of bleaching 
many vegetable and animal colours, and is much used for 
bleaching hair, silk, ivory, etc. It also destroys decaying 
organic matter, and consequently finds application as a 
disinfectant. Both these properties depend upon its oxidis- 
ing action. 

123. Reducing action of Hydrogen Peroxide, When 
silver oxide, Ag 2 0, is treated with hydrogen peroxide a 
mutual decomposition takes place , the silver oxide is 
reduced to silver and the hydrogen peroxide to water, 
and a molecule of oxygen is evolved 

Ag 2 + H 2 2 - 2 Ag + H 2 + 2 . 

The explanation of this is that both silver oxide and 
hydrogen peroxide contain a loosely-combined atom of 
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oxygen, and the attraction of these two atoms for one another 
is greater than their respective attractions for silver and 
water. They consequently break away and unite to form 
a molecule of oxygen We may represent this in the 
following way, a thick arrow indicating greater attracting 
force than a thin arrow 

I [ 

Ag 2 4 ->- > OH a- 

Other examples of the reducing action of hydrogen 
peroxide explained in a similar manner are represented by 
the following equations : 

Mn0 2 + H 2 O 2 - MnO + H 2 + 2 . 

Manganese dioxide Manganous crade. 

2 CrO 8 + 3 H 2 2 = Cr 2 O 8 + 3 H 2 O + 3 2 . 

Chromium tricmde Chromic oxide 

H 22 + 3 H 2 + 2 2' 

Ozone 

Potassium permanganate in acid solution is also reduced 

2 KMn0 4 + 4 H 2 S0 4 + 5 H 2 O 2 = 2 KHS0 4 + 2 MnS0 4 

+ 8 H 2 O + 5 O 2 . 

124. Experiments with Hydrogen Peroxide. To illus- 
trate the preparation and properties of hydrogen peroxide, 
the following course of procedure may be adopted : 

Exp 99 Add 10 c.c. of concentrated sulphuric acid to 200 c.c of 
water, and allow the mixture to stand till it becomes quite cold ; 
now add little by little, with constant stirring, about 30 grammes 
of barium peroxide. Allow to settle, and decant off the clear 
liquid. It is a dilute solution of hydrogen peroxide, and the 
following experiments may be performed with it 

(1) To some of the liquid add potassium iodide, iodine will be 
liberated, and the solution become brown. The equation for the 
reaction which takes place has been given in 122 

(2) Make a dark stain of sulphide of lead on filter paper by first 
moistening it with a solution of a lead salt, say the acetate, and 
then exposing this to sulphuretted hydrogen. Steep the paper in a 
little of the hydrogen peroxide solution and it will become white, 
the black sulphide of lead having been transformed into the white 
sulphate, as shown m the equation given above. 
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(3) Add silver nitrate to some of the solution, and then caustic 
soda ; a black precipitate of hydrated oxide of silver will be formed, 
and this m contact with the hydrogen peroxide will undergo 
decomposition in the manner aheady described ; the effervescence 
of gas which is seen to occur may be shown to be due to oxygen. 

125 Proof of the Composition of Hydrogen Peroxide. 

The following method may be adopted to prove that the 
ratio of oxygen to hydrogen in hydrogen peroxide is twice 
as great as it is in water : A given weight (abont 0-2 
gramme) of the pure substance, prepared as already described, 
is introduced into a flask, ^ hich is then filled up completely 
with recently-boiled water. This flask is provided with a 
dehvery tube which does not reach below the bottom of 
the cork, and is also filled with water The flask is 
heated at first to about 80 C., but finally (when the 
evolution of gas slackens) to the boiling-point. Oxygen 
is evolved, and is collected over water in a measuring 
tube of about 100 c,c. capacity. The weight of oxygen 
evolved can be calculated from its volume, and if the 
hydrogen peroxide is pure it will be found that 34 parts by 
weight of it yield 16 parts by weight of oxygen. The 
remaining 34-16 = 18 parts by weight consist of water. 
Now 18 parts by weight of water contain 16 parts by 
weight of oxygen and 2 parts by weight of hydrogen. 
Therefore the ratio of oxygen to hydrogen in hydrogen 
pei oxide is2x!6:2 = 16:l, which is twice as great as the 
ratio in water (approximately 8.1). 

The simplest formula for hydrogen peroxide would be 
HO, for 1 and 16 are the atomic weights of hydrogen and 
oxygen. It has been proved, however, by a physical 
method of determining molecular weights (the loweung of 
freezing-point method), that the molecular weight is not 
17 as it would be if the formula were HO, but 34, which 
corresponds to the formula H 2 2 The doubled formula 
possesses the advantage that it fits in with the usual 
valencies of hydrogen (one) and oxygen (two). Thus the 
structural formula would be 

H-O-O-H, 
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If however the single formula were adopted, both oxygen 
and hydrogen must have the same valency, the structural 
formula being H - O. 



OTESTIONS. CHAPTER XIIL 

1. Describe carefully a synthetic method of determining 

the composition of water by volume, 

2. How may the volumetric composition of water be 

determined analytically ? 

3 In a determination of the volumetric composition of 
water by Bunsen's method the following readings 
were taken 

Distance of closed end of tube from mercury in 
trough (Neglect any slight changes ) 72cm. 
Height of column of mercury above mercury in 
trough after introduction of oxygen . 54 c.m. 
Height of column of mercury above mercury in 
trough after introduction of hydrogen . 14 c.m. 
Height of column of mercury above mercury in 
trough after explosion and cooling to atmospheric 
temperature . . . 23-85 c.m. 

Temperature of the air throughout the experi- 
ment . . . . . 16 C, 
Atmospheric pressure throughout the experi- 
ment . . . . .75 c.m 
Pressure of aqueous vapour at 16 0. . 1-35 c m 
Calculate the volume of hydrogen combined with 1 
volume of oxygen. 

4. How would you prove by experiment that steam 

contains its own volume of hydrogen? 

5. Describe the method by which Dumas and Stas 

determined the composition of water by weight. 

6. Puie hydrogen is passed over heated oxide of copper, 

and the water which forms is collected ; if the loss in 
weight of the oxide of copper be 4 20 grammes, and 
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the weight of the water obtained 4*73 grammes, 
determine the amount of hydrogen and oxygen in 100 
grammes of water 

7. Trace the changes in volume that occur when heat is 
applied to a mass of ice until it melts and passes into 
vapour. 

8 Define the unit quantity of heat. What name is given 
to this unit 1 

9. What is meant hy " specific heat " ? The specific heat 
of air is 24 , find how much the temperature of a 
cubic metre of air will be raised by the heat given 
off dunnn the cooling of 100 grammes of water from 
25 C to20C. 

10 A kilogramme of water at C is intimately mixed 
with a kilogramme of mercury at 100 C , until both 
acquire the same temperature , the specific heat of 
mercury being 0'033, find the increase in temperature 
of the water. 

11. What do you understand by the term " latent heat'"? 

Under what circumstances does heat become latent, 
and what becomes of the heat thus rendered latent ? 

12. How much ice at C. will a kilogramme of mercury at 

100 G. just suffice to melt? 

13. How many units of heat are required to raise the 

temperature 

(a) of 100 grammes of water 10 C. ; 
@) i> n mercury 10 0. ; 

and to convert 100 grammes of water at C. into 
steam at 100 0. ? 

14. Describe an experiment showing that water vapour 

exerts a pressure at ordinary temperature. 

15. Explain what is meant by the boiling-point of a 

liquid. 

16. When is a solution said to be saturated? What 

amount of potassium nitrate (see table, 115) would be 
required to form a saturated solution m 150 c.c. of 
water, (a) at zero, (b) at 50 C. ? 
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17 State Henry's Law What volume of CO 2 will dis- 
solve in 250 cc of water under standard pressure, 
(a) at zero, (b) at 20 , and what at these tem- 
peratures when the pressure is that of 76 mm. of 
mercury, and when it is three atmospheres'? 

18, A mixture of carbon dioxide and oxygen containing 
95 per cent by volume of the latter gas is shaken up 
with 500 c c. of water at standard temperature and 
pressure ; what volume of each gas will be dissolved 1 

19 In what respects does a typical sample of ram water 

differ from the water of the Thames 1 

20 How does it come about that sea water contains more 

matter in solution than river water *? 

21. What are the essential qualities of good drinking 

water ? 

22. Why is more soap required to produce a permanent 

lather with hard water than with soft water 1 

23. State the constituents to which the temporary and 

permanent hardness of water are respectively due. 

24. Explain the circumstances under which the addition of 

lime-water renders a water soft, and state why it 
does so. 

25. How can calcium carbonate be made to dissolve freely 

in water, and how may the calcium carbonate be 
precipitated out of such water again without the 
addition of chemical reagents ? 

26. How can permanent hardness be removed from water ? 
27 How can the temporary and permanent hardness in a 

sample of water be determined ' 

28. What is meant by water of crystallisation? Give 

examples. 

29. Distinguish between a hydrate and a hydroxide, and 

give examples of each. 

30 Write down in separate paragraphs (a) the physical, 
(6) the chemical properties of water. 

31. Make a list of those properties of water which you 

regard as being absolutely characteristic of that body. 

32. How would you test whether a given colourless liquid 

is water or not ? 
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33. Describe how you would test the purity of a sample of 

water 
34 How is hydrogen peroxide prepared? What is its 

action on (1) potassium iodide, (2) lead sulphide, (3) 

silver oxide ? 
35. It has been said that hydrogen peroxide behaves both 

as an oxidising and a reducing agent ; explain this 

statement, and illustrate your remarks by references 

to reactions. 
36 How can the composition of hydrogen peroxide be 

proved ? 



CHAPTER XIV. 

THE HALOGENS, 

1 26 A COMPARISON of the physical and chemical properties 
of the four elements, fluorine, chlorine, bromine and iodine, 
and of their compounds, readily leads one to regard these 
elements as forming a natural group, 

This is shown in two ways, firstly by the resemblance in 
properties, and secondly by the gradual transition in their 
properties, which proceeds always in the same order, viz. 
in the order of their atomic weights. A general survey of 
the group will illustrate this, 

Physical Properties of these Elements, Fluorine is a 
gas which condenses to a liquid when cooled to a tempera- 
ture of - 187 0, ; it possesses a very faint greenish-yellow 
colour j chlorine is a much more readily-condensible gas, 
and has a distinct greenish colour , bromine is a dark red 
liquid boiling at 59 C. and solidifying at - 7 j whilst 
iodine is a black crystalline solid which boils at 184 C., 
its vapour being of a beautiful violet colour, 

In the gaseous condition these elements have a very 
irritant action on the mucous membrane, which is, how- 
ever, much less marked in the case of iodme than in that 
of the other three elements, The halogens have an odour 
resembling that of seaweed if they are in a largely- 
diluted condition. 

Their solubility in water follows the order of their atomic 
weight ; chlorine, the most soluble (fluorine decomposes 
water), dissolving in about half its volume of water, brom- 
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me to the extent of thiee parts in 100 of water, whilst 
iodine is only very slightly soluble in water, but dissolves 
readily in alcohol, ether, bisulphide of carbon, or in a 
solution of potassium iodide. 

When chlorine is passed into water to saturation at 
0., yellow crystals having the composition C1 2 8 H 2 OCZ) 
separate out, On warming these crystals they readily 
decompose with the evolution of chlorine, Biomme under 
similar circumstances forms crystals having the composition 



127 General Chemical Properties, -All the halogens 
combine directly with hydrogen to form gases (except 
hydrofluoric acid, which is a liquid boiling at 19 5 C.) 
These hydrides of the halogens are very soluble in water, 
giving use to strongly acid solutions, The readiness with 
which combination with hydrogen takes place decreases 
as the atomic weight increases. Thus, fluorine and hydro- 
gen combine even in the dark and at very low tem- 
peratures, whereas chlorine requires the influence of 
heat or of chemically active light rays, and bromine and 
iodine are induced to combine with hydrogen with much 
greater difficulty. 

Moieover, the stability of the products, HF, HOI, HBr, 
HI, shows a falling off in the order named. 

The hydrogen atom of each of these compounds can be 
replaced by the metals potassium and sodium to form a 
group of bodies, KF, NaF, KC1, etc , all of which closely 
resemble sea-salt It is from this that the Dame halogens 
is derived (aXs, sea-salt, and yevvao), I produce). 

The tendency of the halogens to combine with oxygen 
increases as the atomic weight increases Thus, whilst 
fluorine forms no oxide, and chlorine can only be made to 
combine with oxygen indirectly giving rise to unstable 
oxides, iodine is directly oxidised by nitric acid, and its 
oxide is much more stable. Bromine occupies an anomalous 
position here, as no oxide of it is known. 

The interaction of the halogens and water affords another 
example of this gradation in properties as we pass from 
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Huorine to iodine. Fluorine decomposes water immediately 
at ordinary temperatures, a vigorous reaction taking place ; 
much of the osygen liberated is m the form of ozone. 
Chlorine and biomine act on water at oidmaiy tempera- 
tures only in the presence of sunlight, and no ozone is 
formed ; chlorine is much the more active of the two. 
Iodine does not decompose water. 



CHLORINE, C1 2 . 

128. Occurrence, Chlorine occurs very abundantly in 
nature, but never in the free state. Its most important 
compound is common salt (sodium chloride), which forms 
large deposits in various parts of the world, e. g. Cheshire 
in England, and Wieliczka in Galicia. Common salt is 
also the chief solid constituent of sea water. The enormous 
salt deposits at Stassfurt in Germany are composed largely 
of the chlorides of potassium and magnesium. Free hydro- 
chloric acid is a constituent of the gastric juice. 

129. Preparation. Chlorine is usually prepared in the 
laboratory by heating manganese dioxide with concentrated 
hydrochloric acid. The reaction which takes place is 
represented by the equation 

MnO 2 + 4 HC1 - MnCl 2 + 2 H 2 + C1 2 . 

Manganese dioxide. Manganous chloride 

Exp, 100. Introduce about 100 grammes of manganese dioxide, in 
small lumps, into a large flask, and just cover it with strong hydro- 
chloric acid. Close the mouth of the flask with an mdia-iubber cork 
carrying a safety funnel and delivery tube. Suppoit the flask on a 
sand-bath by means of a retort-stand, and connect it with a wash- 
bottle containing a little water Provide the wash-bottle with a 
delivery tube reaching to the bottom of a glass cylinder as shown in 
Fig. 36. Now apply a gentle heat to the flask, when chlorine is 
evolved mixed with hydrochloric acid For a short time, both the 
chlorine and the hydrochloric are absorbed by the water in the wash- 
bottle. Soon, however, the solution becomes saturated with chlorine 
which then passes on, whilst the hydrochloric acid, being very much 
more soluble, continues to be absorbed in the wash-bottle. The chlorine 
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is collected in glass cylinders by displacement of air , it cannot be 
collccti d ovei \\atei 01 meicmy because it is soluble in Hie former 
and attacks the latter , it nuy, however, bo collected over stiong 
bime lu wlucli it 13 only slightly soluble. 

If the gas is requned dry it may be passed through one 
or more wash-bottles containing concentrated sulphuric 
acid before being collected as above 

Instead of using hydrochloric acid in the preparation of 
chlorine just described, a mixture of common salt and 




FIG 36 



strong sulphuric acid may be employed. The equation 
representing the reaction which takes place then becomes 



Mn0 2 + 3 H 2 S0 4 + 2 NaCl 



MnS0 
+ 2 



4 + 2 NaHS0 4 
H 2 + C1 2 . 



The most convenient method of preparing chlorine is to 
act on bleaching powder with dilute hydrochloric acid. 
The bleaching powder is used in the form of small lumps, 
obtained by first pressing it into a cake and then breaking 
this cake up. Under these conditions chlorine is evolved 
at a convenient rate without the application of heat 



Bleaching powder. 



Calcium 



1 2 + 

chloride. 



C1 2 , 
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130. Properties Chlorine is a greenish-yellow gas which 
has a very irritating action on the mucous membrane. It is 
soluble in water, one volume of which takes up about two 
volumes of the gas at ordinary temperatures. Ohloime is 
a heavy gas, its density being about two and a half times 
that of air. Its molecule contains two atoms, except at 
very high temperatures, when partial dissociation into 
single atoms takes place, as shown by the fall in vapour 
density. 

Chlorine is a very active substance. It combines directly 
with many elements and compounds at the ordinary 
temperature, very frequently with incandescence. 

131. Combination of Chlorine and Hydrogen. When 
chlorine and hydrogen are mixed and exposed to direct sun- 
light they combine with explosion, hydrochloric acid being 
formed. Burning magnesium wire, which gives out light 
very rich in chemically active rays, also causes the mixture 
to explode. In cliff used daylight combination takes place 
giadually, and in the dark hydrogen and chlorine do not 
unite. By proceeding as descubed in the following experi- 
ment it is possible to burn hydrogen quietly in chlorine. 

Exp 101 Po.epaie a jai of chlonne fiom manganese dioxide and 
hydrocblouc acul as described above, and introduce a lighted jet of 
hydrogen into it. It continues to bum with the pi eduction of fumes 
of hydiochloiic acid, which may be made more visible by bunging a 
drop of ammonia liquor to the mouth of the jar. 

The affinity of chlorine for hydrogen is so great that it 
is able to extract it from many compounds, such as turpen- 
tine (C 10 H 16 ), sulphuretted hydrogen (H 2 S) and water. 

Exp 102. Introduce a piece of blotting-papei soaked in turpentine 
into a jar of chloime The turpentine takes fire , white fumes of 
hydiochloiic acid aie formed and a black deposit of free carbon 
settles on the sides of the jai. 

C ]0 H lfa + 8 C1 2 = 10 C + 16 HC1. 

Exp 103 Pass chloime for some minutes through about 50 c.o. of 
watei, and to about 20 c c. of this add a solution of sulphuretted 
hydiogen , hydiochloiic acid is formed, the liquid becoming turbid 
o\\mg to the sepaiation of sulphui, according to the equation 

Cl a + H 2 S = 2 HC1 + S. 
M. CHEM. N 
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Exp. 104. Fill a Cooper's tube with chlorine water (see 
Fig 37) and expose to direct sun- 
light , bubbles of gas will be seen 
to rise in the liquid. When suffi- 
cient gas has collected it may be 
tested with a glowing splinter, and 
TMll be found to be oxygen. The 
change which has taken place is 
lepresented by the equation 

8 OL + 8 H 2 = 14 HOI + 
2HC10 3 + 2 

Chlorine will, moreover, support 
the combustion of a candle or of 
coal gas, on account of its affinity 
for hydrogen. The substances of 
which candles are composed consist 
either entirely, or at any rate largely, 
of carbon and hydrogen, and when 
a lighted candle is lowered into a 
jar of chlorine it continues to burn 
with formation of hydrochloric acid 
^^ "- ^ and separation of carbon, ]ust as in 
, 3^ the case of turpentine. 

Exp 105 FJX a ].ieuo of caudle into a 

-.=, * rt spoon, light it, and lovui into a jar of clilonne Tiie 
candle continue* to barn wiili a dull led smoky flame and soot is 
deposited ou the walls of the jar. 

Coal gas, again, consists almost entirely of a mixture of 
free hydrogen and compounds of carbon and hydrogen, and 
when a jet of lighted coal gas is lowered into a jar of 
chlorine it continues to burn, but the flame becomes duller 
and smoky owing to the separation ot free carbon. 

132. Combination of other Elements with Chlorine. 

Exp. 106 Into ajar of chlorine bring a piece of phosplioius on a 
deflagiatmg spoon and without the application of heat ; piesently the 
phosphorus will ignite and bum feebly with the formation of 
phosphorus trichloride 

P< -f 6 C1 2 = 4 P01 3 . 



-U 
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Antimony, copper and some other metals in a finely- 
divided condition also ignite when plunged into chlorine. 

Esp 107. Heat a piece of sodium in a deflagrating spoon until 
it takes fire, and then plunge it into a jar of chlorine , the sodium 
burna brilliantly, uniting with the chlorine to form sodium chloride, 

Inactivity of Dry Chlorine. It is found that, though, 
as we have been, moist chlorine is a very active substance, 
perfectly dry chlorine is comparatively inactive. Thus, 
sodium even when heated does not combine with dry 
chlorine. Here, then, we meet with another example of 
the phenomenon already encountered in the case of hydro- 
gen and oxygen, that the presence of water is necessary in 
order that a chemical reaction may take place. 

133 Oxidising 1 Action of Chlorine. Chlorine is a strong 
oxidising agent in the presence of moisture, this property 
depending on its power of combining with the hydrogen 
of water and liberating nascent oxygen. An example of 
such action is its power of converting sulphurous acid into 
sulphuric acid. 

H 2 S0 3 + H 3 O + 01 2 = H 2 S0 4 + 2 HOI. 

Sulphurous t cid " Sulphiuio acid 

Another example is furnished by the bleaching properties 
of chlorine , vegetable colouring matters, e. g. the pigments 
in the leaves and flowers of plants are deprived of their 
uolour by moist chlorine, though in the absence of moisture 
no such action takes place. 

Exp 103. Prepare a jar of dry chlorine (using two sulphunc acid 
wash- bottles) Place in this a piece of cloth dyed with turkey-iedand 
leave it some inmates with the cover on , no decoloiisation will occur, 
but on moistening the cloth it will be bleached 

134. Action of Chlorine on Organic Substances. Many 
organic substances are very readily attacked by chlorine. 
In some cases (e g. ethylene) the chlorine simply adds itself 
on to the compound, and addition products are formed. In 
other cases (e, g. marsh gas) chlorine replaces one or more 
atoms of hydrogen, and substitution products result : the 
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displaced hydrogen combines with more chlorine forming 
hydrochloric acid. We shall return to this subject when 
studying the hydrocarbons (see Chap XXII). 

Chlorine is a very powerful disinfectant, as it rapidly 
kills the minute forms of life known as bacteria, which are 
the chief cause of the putrefaction of organic matter, 

135. Chlorine Hydrate. This substance is produced by 
passing chlorine into a mixture of water and ice. It is 
a greenish crystalline compound of uncertain composition, 
be&t repiesented by the formula d^aB^O, where x is either 
8j 9 or 10 At ordinary temperature it decomposes into 
chlorine and water. 

136. Liquid Chlorine Chlorine can readily be liquefied 
as described in 29. Liquid chlorine is an orange-yellow 
substance of specific gravity 166; it boils at -33 -6 0. It 
is prepared commercially for use in extracting gold. 

BBOMINE, Br 2 . 

* 137- Occurrence. Bromine does not occur in the free 
state in nature. It is found in small quantities in combina- 
tion with certain metals, chiefly potassium, sodium, magne- 
sium and calcium, in &ea water and in many mineral waters. 
The salt deposits of Stassfurt contain a small percentage of 
bromides, and it is from this source that most of the bromine 
of commerce is obtained. 

* 138. Preparation. Bromine may be prepared from 
sodium bromide or potas&mm bromide by heating with 
strong sulphuric acid and manganese dioxide, just as 
chlorine is prepared from common salt. 

2 KBr + 3 H 2 S0 4 + Mn0 2 = 2 KHS0 4 + MnS0 4 + 2 H a O + Br 2 . 

Ezp. 109 Introduce into a tubulated retoit a mixture of about 
20 gi amines of potassium bromide and 10 giammes of manganese 
dioxide, Cover the mixture with strong sulphuiic acid pouied in 
through a funnel inserted in the tubalu& oi the letoit. Insert the 
stoppei and place over the open end of the retoit a flask lestmg in 
a hough, of water and covered ovei \\ith a \\et c^oth, as shown in the 

* The asterisked paiagiapha and questions in this and the next 
chapter are not required tor the London Matriculation Syllabus. 
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diagram (Fig 38). On gently heating the mixture bromine distils 
over and condenses in the cooled receiver, wheie it collects as a daik- 
red liquid. Since the vapours of bromine are very injurious, the 
operation mmt he peifoimed m a fume cupboard with a good draught 




FIG 38. 

* 139. Propel ties. Bromine is a heavy, mobile, dark-red 
liquid, possessing a very offensive odour (hence its name 
from /3poj/Aos = a stench) Its action on the mucous mem- 
brance is worse even than that of chlorine. Bromine has 
a specific gravity of 3 188 (water = 1) at C , and it boils 
at 59 C., the vapour possessing the same colour as the 
liquid. At ordinary temperatures bromine rapidly evaporates 
if exposed in an open vessel. 

Bromine is soluble in a number of liquids giving reddish- 
brown solutions ; the chief are water s alcohol, ether, acetic 
acid, carbon disulphide, and chloroform. At C. 1 gramme 
of water dissolves 036 gramme* of bromine; the solubility 
in the other liquids mentioned is considerably greater. 

Exp. 110 Test the solubility of hi online in some or all of the above 
liquids (using the bromine you prepared in the last experiment). By 
adding the bromine diop by diop to equal volumes of each of the 
liquids (say 5 c.c ), shaking up after each addition, and noting when 
further solution ceases (as shown by the bromine remaining undissolved 
at the bottom of the liquid), a rough comparison of its solubility in the 
different solvents can be made. 
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Bromine, like chlorine, contains two atoms in its gaseous 
molecule, except at high temperature, when partial dis- 
sociation into free atoms takes place. The dissociation is, 
however, much more complete with bromine than with 
chlorine. 

As regards its chemical properties, bromine behaves like 
chlorine, but is generally much less active. Thus, many 
metals and non-metals combine readily with bromine, some 
(e. g. arsenic) with evolution of so much heat that they take 
fire. The action of bromine on phosphorus is, indeed, so 
violent that it; is advisable to moderate it by dissolving the 
bromine in three times its volume of carbon bisulphide 

Bromine and hydrogen do not combine directly at ordinary 
temperature, but combination can be brought about by the 
application of heat, e g by passing the mixed gases through 
a red-hot tube A solution of bromine in water (called 
'bromine water) gradually decomposes in sunlight with 
evolution of oxygen and formation of hydrobromic acid 

2 Br 2 + 2 H 2 = 4 HBr + 2 , 

The decomposition is, however, much slower than with 
chloime. 

As we should expect from what has just been said, 
bromine water acts as a mild oxidising agent and exhibits 
feeble bleaching properties^ its action being explained 
exactly as in the case of chlorine It is much used as an 
oxidising agent in analytical chemistry. Bromine readily 
attacks organic substances such as starch and the skin, 
turning them yellow, 

Exp 111 Add a drop of bromine water to some starch and note 
the yellow colour developed. 

Bromine is readily displaced from its compounds with 
metals by the more active element chlorine. The following 
experiment should be performed to illustrate this. 

Exp. 112 Add some chlorine water to a solution of potassium 
bromide not he red col our developed. Shake up the liquid with a 
little caibon disulphide The bromine dissolves in it and the red 
solution collects at the bottom of the vessel 

2 KBr + C1 2 = 2 01 + Br 2 
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Bromine is used in photography and in medicine, and 
also as a disinfectant. 

Bromine Hydrate. Bromine combines with water at 
low temperatures, forming a compound, Br 2 a;H 2 0, corre- 
sponding to chlorine hydrate. 

IOI>INE, I 2 . 

* 140. Occurrence Iodine is not found free in nature, 
but its compounds with the metals potassium, sodium, 
magnesium and calcium are widely distributed, though 
they do not occur in large quantity at any one place. 
Thus sea water and the plants and animals which inhabit 
the sea, notably &ea-weed, contain small quantities of 
iodides, as also do many mineral waters. The crude 
sodium nitrate (caliche), found in such abundance in Chili 
and Peru, contains small quantities of sodium iodate, and 
this is now the chief souice of the element. 

* 141. Preparation. In the laboratory iodine is prepared 
in a similar manner to bromine, namely, by heating potas- 
sium or sodium iodide with manganese dioxide and strong 
sulphuric acid 

2 ICI + 3 H 2 S0 4 + Mn0 2 = 2 KHSO 4 + MnS0 4 + 2 H 2 + 1 2 . 

This method is, as we have seen, a general one for the 
preparation of the halogens, except fluorine, and the reaction 
may be represented thus 

2 XB. + 3 H 2 S0 4 + Mn0 2 XHS0 4 + MnS0 4 

+ 2 H 2 O + R 2 
where X K or Na and E. = 01, Br or I. 

Exp. 113. Prepare iodine by following the diiectiona in Exp. 109 3 
using potassium iodide m place of potassium bromide. Tlie same 
app?iatus should be used, but it will not be necessary to cool the 
receiver by cold water Some of the iodine will probably condense in 
the neck of the retort , it can be driven into the receiver by gently 
warming with a Bunsen burner. 
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* 142. Properties. Iodine is a lubtrous crystalline black 
solid of specific gravity 495 It melts at 113 C., and 
boils at 184 0,, forming a deep violet vapour, at ordinary 
temperatures, however, iodine slowly undergoes vaporisation, 
The density of iodine vapour is very high, being about eight 
and a half times as great as that of air, and 126 times that 
of hydrogen. This corresponds to a molecular weight of 
2 x 126 = 252, which is about twice the atomic weight of 
iodine, so that the gaseous molecule of iodine contains two 
atoms. This is only true up to 450 0., however, for above 
this temperature the density gradually falls, till at 1,500 0. 
its value is reduced by neu-ly one-half, showing that 
most of the molecules have been broken down into single 
atoms 

I a - I + I 

"We have seen that chlorine and bromine behave in a 
similar manner, but the decomposition is much less com- 
plete than in the case of iodine. Since bromine is decom- 
posed to a greater extent than chlorine, we have here 
another property which follows the order of the atomic 
weights of the three elements 

Iodine is only slightly soluble in water, 100 grammes of 
which dissolve 02 gramme of the element, but many 
other liquids dissolve it in much greater quantity. These 
solvents may be divided into two classes, according as the 
colour of the solution they produce is reddish-brown or 
violet j to the former class belong water, potassium iodide, 
alcohol, and ether ; and to the latter, carbon disulphide, 
chloroform, and liquid hydrocarbons. 

Exp 114, Introduce a ciy^tal of iodine into about 5 c c of each, of 
the liquids mentioned above (as an example of a liquid hydzocaibon 
you can use benzene). You \ull notice that in all these liquids, ex- 
cept water, a deeply- coloured solution is rapidly formed ; the water is 
only colouied slightly brown. 

OLseive that the colours of the different solutions concspond with 
those stated above. 

*143. Action of Iodine on other Elements. Iodine is 
not nearly such an active substance as the other halogens, but 
it nevertheless combines directly with many elements, both 
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metals and non-metals, often, indeed, without the appli- 
cation of heat. ITor example, ineiciiry and iodine will 
unite on merely rubbing them together ; again, on bringing 
together phosphorus and iodine, the phosphorus first melts 
and then combination takes place with so much energy that 
the mixture bursts into flame. When antimony powder is 
thrown into iodine vapour it takes fire ; and on heating 
potassium and iodine together they unite with explosive 
violence. 

Hydrogen and iodine combine directly with even greater 
difficulty than hydrogen and bromine, the temperature 
necessary being much higher ; the combination is facilitated 
by the presence of spongy platinum, which acts as a 
catalytic agent. As we should expect from this, iodine in 
the presence of water has no bleaching properties. 

* 144. Displacement of Iodine from its Salts. Just as 
chlorine displaces bromine from its compounds, illustrating 
thereby its greater activity, so both chlorine and bromine 
will displace iodine from its compounds Eor example, on 
treating potassium iodide with either chlorine or bromine, 
free iodine is liberated 

2 KI + 01 2 = 2 KOI -1- T 2 . 
2 KI + Br^ = 2 KBr + I 2 . 

Ezp. 115. Add a few drops of chlorine water to about 10 c.c. of a 
solution of potassium iodide. The solution will turn reddish-brown, 
owing to the liberated iodine dissolving in the excess of potassium 
iodide. Now shake up with a little carbon bisulphide. This will 
dissolve out the iodine, forming a violet solution which will collect at 
the bottom of the vessel. 

A similar experiment may be performed using bromine 
water in place of chlorine water. 

*145. The "starch test" for Iodine. Iodine forms a 
very characteristic blue compound with starch. On heat- 
ing, the compound is decomposed and the colour disappears, 
but on cooling recombination takes place and the colour 
reappears. 
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Exp 116 Shake a Yery little staich in a test-tube of cold water 
and boil well ; add a few drops of a solution of iodine in potassium 
iodide ; a blue colour is formed Boil the blue solution, and the blue 
colour disappear^, reappearing on cooling. 

146. Uses. Iodine is largely employed in medicine foi 
taking down glandular swellings It was at one time 
thought that the iodine must be applied in the free state, 
and an alcoholic solution was (and still is) used; it has 
recently been found, however, that potassium iodide is 
quite as effective, and as it does not leave any stain on the 
skin its employment is preferable. 

Iodine in the form of: potassium iodide is also used as a 
tome. Further, a compound of iodine with carbon and 
hydrogen, called lodoform (CHI 3 ), finds wide application as 
an antiseptic 



OTESTIONS. CHAPTER XIV. 

1. Draw up 111 tabular form a comparison between the 

halogen elements with regard to (a) their colour, 
(I) their solubility in water, (c) their action on water, 
(d) their affinity for hydrogen 

2. Describe how you would prepare and collect a jar of 

dry chlorine Sketch the apparatus you would 
employ. 

3. Describe experiments illustrating the great affinity of 

chlorine for hydrogen 

4. Describe the chemical changes which accompany the 

burning of a candle in chlorine, and show how far 
they account for the peculiar appearance of the flame 
which is observed when a candle burns in chlorine. 

5. Describe experiments illustrating the oxidising action of 

chlorine 

6. Under what conditions does chlorine act as a bleaching 

agent 3 
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7. Describe exactly how you would prepare bromine from 
potassium bromide? and give a sketch of the 
apparatus you would employ. 

8 a Name some liquids which dissolve bromine and iodine, 
and state the colour of the solution produced in each 
case. Compare the action of these two halogens on 
starch, 

9. What is the action of chlorine on solutions of sodium 
bromide, potassium iodide and sulphuretted hydrogen 
respectively ? 

Describe the action, if any, which takes place when 
sulphur, phosphorus, carbon, silicon and sulphuret- 
ted hydrogen are respectively brought into contact 
with iodine. 

II, By what general method can the halogens (except 
fluorine) be prepared? 



CHAPTER XV, 

COMPOUNDS OF HYDROGEN WITH THE HALOGENS. 

147, HYDROGEN forms one compound with each of the 
halogens. These compounds are all gases at the ordinary 
temperature, except hydrogen fiuonde, which is a very 
volatile liquid. They are all very soluble in water, pro- 
ducing strongly acid solutions. It will be convenient, for 
purposes of terminology, to use the terms hydrogen fluoride, 
hydrogen chloride, etc , for the gaseous acids (or anhydrous 
liquids), reserving the expressions hydrofluoric acid, hydro- 
chloric acid, etc., for the aqueous solutions of the hydrides, 

HYDROGEN CHLORIDE OR HYDROCHLORIC ACID, HOI, 

148. Occurrence, Hydrogen chloride is one of the 
gaseous products of the eruption of volcanoes. 

Preparation. Hydrogen chloride is most conveniently 
prepared by the action of concentrated sulphuric acid on 
common salt (sodium chloride),* The gas is evolved in the 
cold with effervescence, but much more rapidly on gently 
heating j the following reaction takes place 

Nad 4- H 2 S0 4 = NaHS0 4 + HC1 

Hydrogen chloride cannot be collected over water, in which 
it is very soluble , it may however be collected by down- 
ward displacement of air or over mercury. 

* All chlorides except silver chloride and mercurous chloride yield 
hydrochloric acid when heated with sulphuric acid, 

188 
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Exp. 117. The appaiatus lequiiud for tho piepaiation of hydiogmi 
chloiide is sketched in Fig 39 Introduce into the ilask some com- 
mon salt, and fill tho wash-bottle about one-third full of concentiated 
sulphunc acid Connect up the appaiatus as shown and poui concen- 
trated sulphunc acid slowly do\\n the thistle lunnel till it just coveis 
the salt. Waim gently and collect the gas, which is dned by the 
sulphmic acid in the wash-bottle, in glass cylinders or othei vessels as 
required If the gas is wanted pure and quite dry it should be passed 
through two sulphuric acid wash-bottles and collected over mercury. 




FIG. 39. 



149. Properties. Hydrogen chloride is a colourless gas 
which fumes in moist air and has a strongly irritant action 
on the mucous membrane. Its density is 18*2 (H = 1), and 
it is therefore about 1 J times as heavy as air, 

Hydrogen chloride is extremely soluble in water, 1 c.c. of 
which at C dissolves 503 c.c of the gas, and at ordinary 
temperatures about 450 c c. The solution of the gas is 
accompanied by a considerable evolution of heat, and there 
is also an increase in the volume of the liquid. The follow- 
ing experiment illustrates m a striking manner the great 
solubility of hydrogen chloride. 

Exp. 118 Fill a large dry flask, of at least two or three litres con- 
tent, with hydrogen chloride gas by displacement. Fit it with aa 
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india-iubber coik, through which passes a tube vath stopcock, and 
diawn out into a jet as sho\\n in Fig 40 Dip the extieme end of the 
tube into water and open the stopcock 

Under these conditions the gab at ihst only comes into contact with 
the water very slowly by a pieces of diffusion, and it is desirable to^ 
bring about contact with a Uigji smface ot water by cooling the flask , 
this may be done by pom IP g a few diops of ether over its surface. 
When the water i caches the top of the tube and oveiflowa into the 
flask, the first few c c. ot watei dissolve the whole of the gas, and the 
lest of the watci lushes up through the tube with great force to fill the 
vacuum in the flask. 




FIG 40 



Hydrogen chloride is not combustible nor is it a supporter 
of combustion. 



Esp 119, Introduce a lighted taper into ajar of the gas. The flame 
is extinguished and the gas does not bum Try similar experiments 
with burning sulphur and phosphoius ; these are also extinguished. 

The gas attacks many metals, especially when heated, 
with liberation of hydrogen and formation of a chloride of 
the metal. 
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Exp, 120. Place some zinc m a short piece of combustion tubing , 
heat it, and pass hydrogen chloiide over it Collect the gas sjiven off 
over water Test it with a lighted taper , it is hydiogen. The white 
residue left in the tube is zinc chlonde, ZnCL 3 



Similar experiments may be performed with other metals, 
e.'g. iron and magnesium. 

Hydrogen chloride also reacts with many metallic oxides, 
especially when heated. If the oxide is a basic oxide, water 
and a chloride of the metal are the products ; an experiment 
(Exp. 86) illustrating this has already been performed; 
peroxides^ on the other hand, give rise to free chlorine, 
together with water and a chloride of the metal. 

Exp. 121. Pioceed exactly aa descubed in Exp, 86, usin manga- 
nese dioxide instead of hme. Test the issuing gas, which is yelloTvuh- 
green in colour, with moist litmus papei , it is bleached. The gas is 
chloime 

The equation representing the change which takes place 
is the same as that we have already met with in the 
preparation of chlorine, viz. 

MnO a 4- 4 HOI = Mn01 2 + 2 H 2 + 01 2 

"When the gas is brought into contact with ammonia gas 
direct combination takes place with formation of dense 
white fumes of ammonium, chloride (NH 4 C1) unless the 
gates are quite dry 



150 Analytical proof of tte Composition of Hydrogen 
Chloride We can prove that hydrogen chloride contains 
half its volume of hydrogen by acting on it with metallic 
sodium, when the chlorine is extracted and combines with 
the sodium forming sodium chloride 



2 HOI -1-2 Na = 
The sodium is most conveniently used in the form of a 
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solution in mercury (called sodiwm amalgam), and the 
experiment may be earned out as follows : 



& 



Exp. 122. About 50 c.c. of hydrogen chloride are intro- 
duced into the closed limb of a bent eudio- 
meter tube previously filled with mercury 
f? (Fig 41). The levels of mercuiy in the two 

limbs are made equal by running mercury out 
of the tap or pouiing more into the open limb, 
and the volume of gas is measured. Mercury 
is now allowed to run out of the tap till very 
little is left in the open limb and the latter 
is filled up ivith liquid sodium amalgam. The 
open end is then closed by the tlrumb and the 
hydrogen chloride transferred to the other limb 
by inverting and suitably manipulating the 
apparatus. The eudiometer is now restored to 
its normal position and then again inverted 
FIG. 41. so as to bring the gas intimately in contact with 
the amalgam Finally the gas is restored to the 
closed limb, and liquid is run out through the tap till the 
levels in the two limbs are equal. The volume of gas 
which remains will be found to be half that originally 
taken, and it may be pioved to be hydrogen by the usual 
tests. 

To prove that the volumes of chlorine and hydrogen 
which combine to form hydrogen chloride are equal, an 
aqueous solution of the gas may be submitted to 
electrolysis 



Exp 123 The experiment is carried out in the apparatus 
shown in Fig. 42 3 which consists of a three-limbed glass 
vessel, the two side limbs being provided with stopcocks 
and the central one with a funnel. At the base of the 
side limb are the electrodes which are connected to the 
poles of a battery. The negative electrode, at which 
hydrogen is evolved, may be made of platinum, but since 
chlorine acts on platinum the positive electrode must 
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! w 



be made of gas caibon Strong hydrochloiic acid is 
introduced thiough tlie funnel 
till tlie side tubes are full, 
and an electnc current is passed 
"through the liquid with the 
stopcocks open till the liquid 
in the limb containing the 
positive electrode is saturated 
with chlorine; the hydrogen 
liberated in the other limb 
being almost insoluble escapes 
meanwhile through the open 
stopcock. The stopcocks aie 
now closed, and the gases will 
be found to collect in equal 
volumes in the two limbs 
Their identity may be proved 
by the usual tests 

From the results of these 
two experiments it follows that 
two volumes of hydrogen chlo- 
ride consists of one volume 
of hydrogen and one volume 
of chlorine. 



151. Synthetical proof of 
the Composition of Hydrogen 
Chloride, The composition of Fra. 42. 

hydrogen chloride may be con- 
veniently investigated synthe- 
tically by means of the following experiment: 

Exp, 124. Hydrochloric acid is electrolysed in the 
vessel A, Fig 43 (using gas carbon electrodes), and when 
the liquid is saturated with chlorine a stout glass tube B, 
provided with a stopcock at each end, is attached to the 
delivery tube of A. The other end of B is connected with 
a bottle containing fragments of pumice stone moistened 

M. CHEM. o 
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with caustic soda solution to absorb the chlorine as it 
escapes. The stopcocks are opened and the mixture of 
hydrogen and chlorine in equal volumes generated in A 
is passed through B for some time so that all the air is^ 
driven out.* The stopcocks are then closed and the tube 
disconnected. 

On opening one of the stopcocks under a solution of 
potassium iodide the chlorine reacts with the KI, liberating 
iodine, and if the experiment has been conducted propeily 




FIG 43. 

the liquid will rise just half-way up the tube, showing that 
the chlorine and hydrogen are present in equal volumes. 
The tube is now cleaned out and again filled -with the 
electrolytic mixture of hydrogen and chlorine. The stop- 
cocks are again closed and the tube is disconnected and 
exposed to the action of the rays from burning magnesium 
wire (the fa,ce should be protected by a thick sheet of glass 
to avoid accident in case the tube explodes). The gases 
combine with explosion. The tube is allowed to become 
quite cold and one of the stopcocks is then opened under 
mercury. No gas escapes and the mercury does not rise in 
the tube, showing that the volume of hydrochloric acid 

* This must be done in the dark to prevent combination of the gases, 
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is exactly the same as that of the mixed gases from which 
it was formed. The stopcock is now closed and opened 
again under water } the water rushes up and fills the whole 
? tube, the hydrogen chloride formed dissolving completely. 
This shows that the whole of the gases have combined 
to form hydrogen chloride "We thus arrive at the same 
composition for hydrogen chloride by synthesis as by 
analysis. 

152. Liquid Hydrogen Chloride. Hydrogen chloride 
condenses to a colourless liquid under a pressure of 40 atmo- 
spheres at 10 0. ; the liquid boils under ordinary pressure 
at - 83 7 C. Liquid hydrogen chloride is without action on 
most metals, e.g. magnesium and zinc, nor does it act on 
metallic oxides, such as lime, or on anhydrous carbonates ; 
it is therefore an inactive substance 

153. Preparation of Aqueous Hydrochloric Acid. A 
solution of hydrogen chloride in water, commonly called 
hydrochloric acid (also known as " spirits of salts " and 
" muriatic acid "), may be conveniently prepared in the 
following manner : 

Exp. 125. Generate hydrogen chloride in the flask A (Fig 44), as 
described in Exp, 117, 
and pass the gas through 
an empty wash-bottle B, 
arranging so that the 
delivery tube of A 
reaches just below the 
cork of B. Lead the 
gas away by a delivery 
tube which reaches to 
the bottom of B and is 
connected by rubber 
tubing with a wider tube 
dipping in a beaker of 
water. The hydrogen 
chloiide is absorbed by 
the water, and if tho 
process is continued long 
enough the solution 
finally becomes satur- 
ated, when it contains 
fiom 40-45 % of HOL 




44 
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The object of the empty wash -bottle is to guard against any accident 
owing to a sudden cessation in the evolution of the gas which, owing 
to the great solubility of hydrogen chloride, would icsult in a reduction 
of pressure in the apparatus and consequent *' sucking back" of the 
liquid in the beaker. If no wash-bottle were present the liquid would 
be sucked back into the generating flask, but \uth the airangement' 
described it merely passes into the empty wash-bottle. Further, by 
aiiangmg the delivery tubes in the \\ash-bottlc as shown, it is im- 
possible for the liquid to pass back out of the wasli-bottle into the 
generating flask, even if it is all sucked out of the beaker into the 
wash-bottle ; all that will happen if the gas in the apparatus is still 
under reduced picssuie \ull be that air will be drawn in through the 
delivery tube in the "beaker, and will bubble through the liquid now 
present in B, and mix with the hydrochlouc acid above this liquid till 
the piessure is atmosphenc. 

154. Properties of Aqueous Hydrochloric Acid. Hydro- 
chlouc acid is a strongly acid liquid turning blue litmus 
a bright red ; it is very corrosive, being much more active 
than the gas. 

Action on Metals, Many metals are attacked by 
hydrochloric acid, some readily by the dilute acid, others 
only by the hot concentrated acid. In all cases the pro- 
ducts are a chloride of the metal and hydrogen, The 
following table gives a rfeumG of the action of the acid on 
a number of common metals under different conditions. 



Metal. 


Cold dilute HOI 


Hot cone. HCL 


Zinc 


Dissolves readily 


Dissolves readily 


Magnesium 


9 )) 


ii 


Iron 





i 


Aluminium 


, lather slowly 


11 


Tin 


, slowly 


M 


Copper 


Insoluble* 


slowly 


Lead 


i 


very slowly 


Mercury 





Insoluble 


Silver 


i 


j 


Gold 


) 


> 


Platinum 





i 



* Copper i& slowly attacked by dilute hydrochloric acid in the 
presence of air ; the same remaik applies to lead. 
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155, Chlorides. The chlorides of the metals may be 
produced by the direct union of the metals with chlorine, 
or by the action of hydrochloric acid on the metals (in 

^some cases) or on their oxides, hydroxides or carbonates. 
Zinc chloride, ZnCl 2 , for instance, may be produced by any 
of these methods as shown in the following equations : 

Zn + G1 2 = ZnCl 2 . 

Zn + 2 HC1 = ZnCl 2 + H 2 . 

ZnO + 2 HOI = ZnCl 2 + H 2 0. 

Zn(OH) 2 + 2 HOI = Zn01 2 + 2 H 2 0. 

Zn00 3 + 2 HOI = Zn01 2 + H 2 + C0 2 . 

When a metal forms an insoluble chloride a special 
method of preparation is applicable, viz. the addition of a 
solution of a soluble chloride to a solution of soluble salt of 
the metal , double decomposition takes place, the insoluble 
chloride being precipitated. Silver chloride is, for example, 
precipitated when a solution of silver nitrate, AgN0 3 , is 
added to a solution of calcium chloride, Ca01 2 . 

Ca01 2 + 2 AgN0 3 = Ca(N0 3 ) 2 + 2 AgOL 

Calcium nitrate Silver clilonde. 

Most metallic chlorides are easily soluble in water ; the 
only insoluble ones are mercurous chloride (calomel), 
HgCl, cuprous chloride, Cu 2 01 2 , lead chloride, Pb01 2 (which 
is sparingly soluble in cold water and readily in hot) and 
aurous chloride, AuOl, in addition to silver chloride already 
referred to. 

156. Action of Heat on Hydrochloric Acid, When 
a strong solution of hydrochloric acid is distilled it at first 
loses hydrochloric acid much faster than water, i. e it 
becomes weaker. This goes on till the percentage of HC1 
is 20'24, when the liquid distils over unchanged in com- 
position. Similarly, if a solution containing less than 20'24 
per cent, of hydrochloric acid is distilled it loses water 
faster than HOI till the percentage of HOI is 20 24, when 
the liquid again distils unchanged. The boiling-point of 
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hydrochloric acid of this particular strength is 110 C. It 
must be noted that the acid which distils unchanged only 
has the composition and boiling-point stated when the 
pressure is normal , for any other pressure, the composition* 
and boiling-point of the liquid which distils unchanged have 
different values, which, however, are constant for each 
particular pressure. 

157. Manufacture of Hydrochloric Acid, Hydrochloric 
acid is manufactured in enormous quantities as a by- 
product in the conversion of common salt into salt-cake 
(sodium sulphate, Na 2 S0 4 ) by the action of strong sul- 
phuric acid The first part of the process is performed 
at a gentle heat and the reaction is the same as that given 
in 148. The mixture is then heated to a much higJier 
temperature, when the acid sodium sulphate reacts with 
another molecule of sodium chloride, producing noimal 
sodium sulphate and hydrochloric acid according to the 
equation 

NaOl + NaHS0 4 - Na 2 S0 4 + HOI. 

Acid sodium Noimal sodium 
sulphate sulpliato 

The gas is passed up stone towers filled with lumps of 
coke, over which a slow stream of water flows ; the hydro- 
chloric acid is absorbed, and the aqueous solution runs 
away from the bottom of the tower into suitable receivers, 

Impurities in the Commercial Acid. The chief impurities 
m commercial hydrochloric acid are ferric chloride, free 
chlorine, sulphuric acid, arsenious chloride, and sulphurous 
acid. The ferric chloride is the principal cause of the 
yellow colour usually noticeable in the commercial acid. 

188. Uses of Hydrochloric Acid. The most important 
use of hydrochloric acid is in the manufacture of chlorine. 
It is also used in dyeing and calico printing, in obtaining 
phosphates from bones, and in manufacturing colours. 
Its employment in the manufacture of metallic chlorides is 
also of importance, and it is very extensively used in 
chemical laboratories for a variety of purposes. 
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HYDROGEN BROMIDE OR HYDROBROMIC ACID, HBr, 

* 159 Preparation. Hydrogen bromide cannot conveni- 
- ently be prepared from potassium or sodium bromide in the 
same way that hydrogen chloride is prepared from common 
salt, because some of the product undergoes a secondary 
reaction with sulphuric acid, reducing it to sulphurous acid 
with liberation of free bromine. 

(1) KBr + H 2 S0 4 - KHS0 4 + HBr. 

(2) 2 HBr + H 2 S0 4 = Br 2 + S0 2 + 2 H 2 O. 

This reducing action is a result of the instability of 
hydrogen bromide, which readily splits up into free hydrogen 
and bromine, the nascent hydrogen so produced then 
attacking the sulphuric acid thus 

2 HBr = 2 H + Br 2 . 

Nascent 

2 H + H 2 S0 4 = 2 H 2 + S0 2 . 

These two equations when combined give equation (2) 
above. 

If, instead of sulphuric acid, an acid such as phosphoric 
acid, which is not so easily reduced, is employed, then the 
preparation can be carried on just as for hydrogen chloride 

The best method of preparation is to drop bromine on to 
a mixture of amorphous phosphorus and water, when the 
following reactions take place 

P 4 + 16 H 2 + 10 Br 2 = 4 H 3 PO 4 + 20 HBr. 

Phosphoric acid Hydrogen bromide 

P 4 + 12 H 2 + 6 Br 2 = 4 H 3 P0 3 + 12 HBr. 

Phosphorous acid. 

The particular reaction which preponderates depends on 
the relative quantities of phosphorus and bromine used 
It may be supposed that these reactions take place in two 
stages, phosphorus and bromine first uniting to form 
phosphorus pentabromide (PBr 5 ) and phosphorus tribromidc 
(PBr 3 ), these compounds being immediately decomposed by 
water, thus 

P 4 + 10Br 2 = 4PBr 5 . 

P 4 + 6 Br s = 4 PJ3r 3 
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PBr 5 + 4 H 2 = PI 3 P0 4 + 5 HBr. 
PBr, + 3 Hjo = H 3 P0 3 + 3 HBr. 

The experiment is carried out as follows 

A mixture of one part of amorphous phosphorus and* 

ten parts of water 
is introduced into a 
flask provided with 
a dropping funnel 
and delivery tube, 
as shown in Fig. 45, 
Ten paits of brom- 
ine are introduced 
into the funnel, and 
are gradually lun 
into the flask, this 
is then gently 
warmed, and the 
hydrogen bromide 
is passed through a 

FIG 45. U-tube containing 

lumps of amorphous 

phosphorus to remove bromine, the gas being collected 
by downward displacement or over mercury. 
Like hydrogen chloride, it cannot be collected 
over water, owing to its great solubility. If 
an aqueous solution of the gas is required, the 
delivery tube from the U-tube in Fig. 45 
should be connected with a wash-bottle and 
beaker of water as shown in Fig 44, An 
even more convenient method of absorbing 
the gas (which can be used for any very 
soluble gas) is to connect the delivery tube from 
the U-tube with a funnel which reaches to 
just above* the surface of some water in a beaker as 




G. 46. 



* A variation of the method is to have the iim of the funnel just 
"below the surface of the water. If the liquid " sucks back ** its level 
in the beaker soon falls hclow the rim ot the funnel, after which no 
more liquid can leave the beakei, 
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shown in Fig. 46. The hydrogen bromide is absorbed 
as fast as it reaches the water, and practically none of 
it escapes 

Another simple method of preparing a solution of the 
gas is to pass sulphuretted hydrogen into bromine water, 
when the following change takes place : 

2 H 2 S + 5 Br 2 + 4 H 2 = 10 HBr + H 2 S0 4 + S. 

The precipitate of sulphur is filtered off and the liquid 
distilled, when hydrobromic acid passes over and sulphuric 
acid remains behind. 

* 160. Properties. Hydrogen bromide is a heavy colour- 
less gas which, like hydrogen chloride, fumes in moist air, 
and has an irritating action on the mucous membrane As 
already stated it is very soluble in water, producing a 
strongly acid solution which is very similar in properties 
to hydrochloric acid. 

On distilling hydrobromic acid at normal pressure it 
loses either water or acid, according as the solution con- 
tains less or more than 48*17 per cent, of HBr. The 
liquid of this composition distils over unchanged at 126 0. 
If the pressure is not normal there is a corresponding 
change in the composition and boiling-point of the liquid 
which distils unchanged, 

Hydrogen bromide is incombustible, and is a non- 
supporter of combustion It is immediately attacked by 
chlorine with liberation of free bromine and formation of 
hydrogen chloride 

2 HBr + C1 2 = 2 HC1 + Br 2 . 

Potassium, on the other hand, immediately liberates free 
hydrogen from hydrogen bromide, and forms potassium 
bromide 

2 HBr + 2 K 2 KBr + H 2 . 

*161. Bromides. The general methods of preparation 
of metallic bromides are similar to those given for metallic 
chlorides Most metallic bromides are readily soluble in 
water, the only common insoluble ones being silver bromidft 
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(AgBr), mercurous bromide (HgBr), and lead bromide 
(PbBr 2 ), the last being sparingly soluble in cold water, 
but readily in hot water. 

HYDROGEN IODIDE OB HYDRIODIC ACID, HI. 

*162 Preparation. Hydrogen iodide cannot be pre- 
pared by tlie action of sulphuric acid on potassium or sod mm 
iodide for a reason similar to that given in the case of 
hydrogen bromide ; hydrogen iodide is, in fact, much more 
unstable than hydrogen bromide, and the reaction goes 
almost entirely in accordance with the equation 

3 H 2 S0 4 + 2 KI = 2 KHS0 4 + S0 2 + 2 H 2 + I 2 . 

If phosphoric acid is used, however, instead of sulphuric 
acid, hydrogen iodide is obtained free from iodine just as 
hydrogen bromide could be obtained free from bromine. 
Hydrogen iodide is best prepared by a method similar to 
that used for hydrogen bromide, namely, by the mutual 
interaction of phosphorus, iodine and water. The apparatus 
used is that shown in Fig. 45 ; since iodine is a solid it 
cannot be run in from a stoppered funnel as bromine is ; 
instead, the iodine and amorphous phosphorus are mixed in 
the flask, and water is slowly run in from the funnel. 
Hydrogen iodide is evolved without heating, and, after 
passing through the U-tube containing amorphous phos- 
phorus which removes iodine vapour, is collected by down- 
ward displacement or over mercury. When all the water 
has been added and the evolution of gas becomes slow the 
flask may be gently warmed, The reaction which takes 
place is thus represented 

P 4 + 10 I 2 + 16 H 2 4 H 3 P0 4 + 20 HI. 

If an aqueous solution of the gas (called hydriodic acid) is 
required, the absorption may be carried out by one of the 
methods described for HBr, as HI is also very soluble in 
water. 

Another convenient method for the preparation of 
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hydriodic acid is to pass sulphuretted hydrogen through 
water containing iodine in suspension, when the following 
change takes place : 

SH 2 + I 2 = 2 HI + S. 

The hydriodic acid is separated from the precipitate of 
sulphur by distillation. 

*163. Properties Hydrogen iodide is a very heavy 
colourless gas which, like the other halogen hydrides, fumes 
strongly in moist air and has a very nritatmg action on 
the mucous membrane. Its great solubility in water lias 
already been referred to ; the aqueous solution has strongly 
acid properties just like the solution of the other halogen 
hydrides. The behaviour of the solution on distillation is 
exactly similar to that of hydrochloric acid and hydrobromic 
acid j the liquid which distils unchanged at normal 
pressure contains 57'7 per cent, of hydrogen iodide and 
boils at 127 G , but at other pressures the composition and 
boiling-point have different values. Hydrogen iodide is 
easily condensed to a liquid, a pressure of four atmospheres 
at 0. sufficing to bring this about ; the liquid boils at 
- 34'1 C. under normal pressure. Hydrogen iodide does 
not burn nor does it support combustion. As already 
pointed out, it is an unstable substance , thus on exposing 
the gas to sunlight it slowly undergoes decomposition into 
its elements, and on heating it breaks up much more 
quickly. Also the aqueous solution gradually turns 
brown in sunlight owing to separation of free iodine. 
On account of its instability and consequent tendency to 
produce nascent hydrogen, hydriodic acid is a powerful 
reducing agent, and is much used as such in organic 
chemistry; we have already had occasion to notice its 
reducing action on strong sulphuric acid. 

Hydrogen iodide, both in the gaseous state and in 
aqueous solution, is at once decomposed by chlorine or 
bromine with liberation of free iodine 

Br 2 + 2 HI 2 HBr + I, 
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* 164. Iodides The iodides of the metals are produced 
by methods similar to those given for chlorides and brom- 
ides. The majority of the iodides dissolve easily in water, 
the chief insoluble ones being silver iodide (Agl), mercurous, 
iodide (Hgl), mercuric iodide (HgI 2 ), cuprous iodide 
(Cu 2 T 2 ), and lead iodide (PbI 2 ), the last being sparingly 
soluble in cold water and readily in hot. 

* 165 Tests for the Halogen Acids and their Salts. 

(1) A solution of silver nitrate, AgNO &t when added to a 
solution of a halogen acid or haloid salt, gives with 

Hydrochloric acid, a white curdy precipitate of silver 
chloride, AgCl, soluble in ammonia, insoluble in nitric 
acid. 

Hydrobromic acid, a pale yellow precipitate of silver 
bromide, AgBr, soluble in stiong ammonia, insoluble in 
nitric acid. 

Hydriodic acid, a yellow precipitate of silver iodide, 
Agl, insoluble in ammonia and nitric acid. 

(2) Free HC1, HDr, or HI, heated with manganese 
dioxide, or their salts, heated with manganese dioxide 
and sulphuric acid, evolve chlorine, bromine and iodine 
respectively, and these elements are easily recognised 
by their colour, smell and bleaching action. 

(3) Chlorine water (which must not be in excess) added 
to a bromide or iodide liberates bromine or iodine, and 
on shaking the liquid with carbon bisulphide, the bromine 
imparts to it a red colour and the iodine a violet 
colour. 



QUESTIONS. CHAPTER XV. 

1. How would you prepare pure dry hydrogen chloride? 

Describe experiments which illustrate the chief 
properties of the gas. 

2. State the changes which take place when very con- 

centrated and very dilute hydrochloric acid are 
respectively boiled for some time in an open vessel. 
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jf. On what evidence do we accept HC1 as expressing the 
composition of hydrochloric acid gas 1 

4. Compare the properties of liquid hydrogen chloride 

with those of an aqueous solution of the gas. 

5. What is the action (if any) of (a) cold dilute, (b) hot 

strong hydrochloric acid on the following metals . 
(1) zmc, (2) aluminium, (3) gold, (4) lead, (5) copper, 
(6) tin ? 

6. State briefly the general methods of preparing metallic 

chlorides, giving equations. 

7. How is hydrochloric acid manufactured 1 What are 

the chief impurities in the commercial acid 1 

8. Enumerate the chief uses of hydrochloric acid. 

9. Describe in detail the laboratory method of preparing 

an aqueous solution of hydrobromic acid. 
10. Describe a method of preparing gaseous hydriodic acid. 
In what respects do hydriodic acid and hydrochlouc 
acid resemble each other, and in what respects do 
they differ? 



CHAPTER XVI. 

NITROGEN-THE ATMOSPHERE-AMMONIA. 

NITROGEN, N 2 

166, NITROGEN is the first member of a group of elements, 
nitiogcn, phosphorus, arsenic, antimony and bismuth, which 
either in themselves or their compounds exhibit consider- 
able analogy to one another, The first two members only 
are usually classed with the non-metals, 

The elements forming this group show a transition in 
physical properties as the atomic weight increases, nitrogen 
being gaseous at the ordinary temperature, whilst phos- 
phorus is solid but easily vaporised, the other members 
being more difficult to volatilise 

Speaking more particularly with regard to nitrogen and 
phosphorus, it will be seen by a reference to the following 
pages that they lesemble one another 

(1) In forming hydrides of similar composition NH 3 , 
PH 3 , both of which combine directly with haloid acids 
yielding the ammonium and phosphonium salts 

(2) In forming a characteristic series of oxides some of 
which yield powerful acids 

167. Occurrence Nitrogen occurs mixed with oxygen 
m the atmosphere, of which it forms nearly four-fifths the 
volume 

Although it does not enter to any large extent into the 
composition of animal and vegetable tissues, it is, notwith- 
standing, a very constant and essential constituent of such 

206 
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tissues. The nitrogen of plants is obtained chiefly through 
the medium of the soil, in which small quantities of nitric 
acid, nitrates and ammonium salts always occur. Animals 
cannot assimilate nitrogen directly, and derive their supply 
from the plants. 

168. Preparation. We have seen in Experiments 18 
and 19 that air may be deprived of its oxygen by means 
of iron or phosphorus The most convenient method of 
bringing this about in practice is to pass air over heated 
copper contained in a hard glass tube. The nitrogen so 
obtained is not pure, for air contains a number of other 
inert gases, chiefly argon, in addition bo nitrogen (see 179) 
The best method of preparing pure nitrogen is to heat a 
solution of ammonium nitrite 

NH 4 N0 2 = N 2 + 2 H 2 0. 

In practice a mixture of ammonium chloride, NH 4 C1, 
and sodium nitrite, NaN0 2 , is used instead of ammonium 
nitrite, since both NH 4 C1 and NaN0 2 are common salts, 
whereas NH 4 NO 2 is an unstable compound. "We may 
suppose that the NH 4 C1 and NaNO 2 undergo double 
decomposition with formation of NH 4 N0 2 and NaCl, and 
that the ammonium nitrite is then decomposed according 
to the equation given above. 

Exp 126 Introduce about 15 grammes of sodium nitrite and 10 
grammes of ammonium chloride into a small flask, and add about 
100 c.o. of water. Fit the flask with a cork carrying a delivery 
tube. Warm gently and collect the nitrogen over water at the 
pneumatic trough. 

If the nitrogen is required dry, it should be passed 
through a sulphuric acid wash-bottle and collected over 
mercury. 

Another method of preparation is to heat ammonium 
bichromate (NH 4 ) 2 Cr 2 O r . 

(NH 4 ) 2 Cr 2 7 - N 2 + Cr 2 3 + 4 H 2 0. 

Instead of ammonium bichromate, it is more convenient 
to use a mixture of ammonium chloride and potassium 
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bichromate, which serves the same purpose Nitrogen can 
also be obtained by the action of chlorine on a concentrated 
solution of ammonia, taking care to keep a large excess of 
ammonia present throughout the experiment, thus, prevent- r 
ing the formation of the explosive chloride of nitrogen 

8 NH 3 + 3 C1 2 = N 2 + 6 NH 4 C1. 
This reaction may be represented in two stages 
2 NEL + 3 CL = No + 6 HC1. 



C1 2 = N 2 + 6 
HC1 = 6 NH 4 C 



6 NH 3 + 6 HC1 = 6 NH 4 C1. 

169. Properties of Nitrogen Nitrogen is a colourless, 
tasteless gas, which is unable to support life or combustion. 
Nitrogen does not combine \vlth oxygen under ordinary 
conditions ; but it may be made to do so by means of an 
alternating current of electricity, when nitrogen peroxide 
is formed. It is somewhat lighter than air, and condenses 
to the liquid form at-193C. ; it is slightly soluble in 
water, less so than oxygen (see 107). 

The chief characteristic of nitrogen is its inertness, but 
at the same time there are some elements with which it 
readily combines directly, e. g. magnesium, boron, titanium 
and tungsten the last two do not require heating if they 
are in a finely-divided state Nitrogen also combines 
directly with barium, strontium, lithium, aluminium, 
silicon, carbon and hydrogen. 

170. The Atmosphere. The gaseous envelope which 
surrounds the earth is chiefly composed of nitrogen and 
oxygen. With these are associated argon, water vapour, 
carbon dioxide, ammonia, and other gases, the amounts of 
which vary according to circumstances. Prom whatever 
locality the air has been obtained, the relative proportions 
of nitrogen and oxygen exhibit only slight variations, as 
the following results show : 

Percentage of Oxygen by Volume. 

72 analyses in different parts of Europe (mean) 20 95 

17 the Polar Seas 20-90 

3 at elevation of 15,000 ft. or over 20*94. 
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171. Deter- 
mination of the 
Composi^on of 
*tlie Atmosphere 
by Volume A 
rough method of 
determining the 
volumetric com- 
position of the 
atmosphere has 
already been de- 
scribed in Exp 
19. A better 
method is to 
explode a known 
volume of air 
with about twice 
its volume of 
hydrogen in a 
eudiometer; two 
volumes of hydro- 
gen combine with 
one volume of 
oxygen to form 
water vapour, 
which condenses, 
and thus one- 
third the diminu- 
tion in volume 
represents the 
volume of oxygen 
present. This 
method is not 
quite accurate, 
because some of 
the nitrogen and 
oxygen combine 
to form nitrogen 
peroxide, which 

M, OHEM 




210 NITROGEN THE ATMOSPHEUE AMMONIA. 

dissolves in the water produced with formation of nitric 
and nitrous acids 

172. Determination of the Composition of the Atmo-^ 
sphere by Weight. This may be ascertained by passing* 
the air over red-hot copper, with which the oxygen com- 
bines, as in the experiment just described. 

The air is previously freed from caibon dioxide and 
moisture by being passed over potash and concentrated 
sulphuric acid. The apparatus used is shown in Fig 47 , 
it consists essentially of a large glass globe, to which is 
attached a tube containing metallic copper, and heated in 
a fuinace. The globe is first rendered vacuous by means 
of a good air-pump, the stopcock is closed, and the globe 
carefully weighed. The tube containing the copper is then 
rendered vacuous, closed and weighed. The copper having 
been heated to redness, the stop-cock is opened sufficiently 
to allow a slow current of purified air to pass through the 
tube and into the glass globe. On the way, it is deprived 
of its oxygen, and if the experiment has been carefully 
conducted, only nitrogen and argon pass into the globe. 
After the apparatus has quite cooled, the globe is again 
weighed, and the increment gives the weight of the nitrogen 
and argon. The tube is also weighed again, and the increase 
there shows the weight of the oxygen, together with a little 
nitrogen and argon which remain in the tube. On ex- 
hausting and weighing again, the decrease in weight is 
added to the increase in weight of the globe to obtain 
the total nitrogen and argon The oxygen is given by the 
difference of the two weighings of the exhausted tube. 

A series of such determinations gave the composition by 
weight of air \ 



Nitrogen and argon ... ... . , . 76 *995 

Oxygen 23-005. 

173. Water Vapour in Air. The amount of water 
vapour varies with the temperature and the degree of 
saturation of the air, for the higher the temperature of the 
air, the more moisture will it take up before it is saturated. 
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The average amount is somewhat under 1 per cent by 
volume, but in warm, moist climates may approach 4 per 
cent. It may be measured by observations on the dew- 
*oint (see text-books on physics), or by passing a known 
volume of air over calcium chloride contained in U -tubes, 
and noting the increase in weight of the tubes. 

The amount of water vapour which the air can contain 
may be estimated by the fact that 1 cubic mile of air 
saturated at 35 would deposit, if cooled to 0, 140,000 
tons of rain. But while the air is seldom completely 
saturated, it never contains less than ^ of the possible 
amount. 

174 Carbon Dioxide in Air. The amount of this gas in 
air varies considerably, according to the locality from which 
the sample of air is taken In country air there are from 
three to four volumes of CO 2 in 10,000, but in towns the 
amount is larger, and may reach seven or eight volumes 
In badly-ventilated dwellings even ten-fold the normal 
amount of carbon dioxide may occur. The determination 
of carbon dioxide is a matter of importance, especially in 
the case of indoor air, since it serves to show the efficiency 
of ventilation. 

The presence of carbon dioxide in air may be shown by 
exposing lime-water in a shallow dish, the lime- water is 
soon covered with a thin pellicle, owing to the formation 
of calcium carbonate or chalk, which is insoluble in water 



Ca(OH) 2 + C0 2 = CaCOg + H 2 O. 

Calcium hydroxide Calcium carbonate 

Baryta water may, by Pettenkofer's method, be used as 
a means of determining the amount of carbon dioxide in 
air. A known volume of a solution of baryta (which is 
alkaline) of known strength is shaken up with a measured 
quantity of air, say 10 litres; part of the baryta is con- 
verted into barium carbonate (a neutral body), whilst part 
remains unaltered. The amount of alkali (the baryta) is 
now smaller by reason of the conversion of part of it into 
carbonate by the carbon dioxide. The more carbon dioxide 
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is present, the greater will be the amount of baiyta con- 
verted into barium carbonate, and the greater will be the 
difference between the amount of alkali originally taken 
and that remaining afterwards. By ascertaining the 
amount of oxalic acid required to neutralise a known 
volume of the original baryta water, and that required to 
neutralise the liquid which remains after partial neutralis- 
ation as already described, the quantity of carbon dioxide 
in the 10 litres of air may be ascertained. 

175, Other impurities in Air, The remaining impurities, 
such as suspended dust and carbon, ammonia, sulphur 
compounds, hydrochloric acid and chlorides, occur in much 
smaller and more variable quantities. During thunder- 
storms oxides of nitrogen are formed, and these give rise 
to nitrous and nitric acid ; ozone is also probably produced 
under such circumstances The ammonia, carbon (soot), 
and sulphur compounds occur in larger quantity in the 
vicinity of towns, from the combustion of coal, or where 
decaying refuse is found 

The hydrochloric acid and chlorides come for the most 
part from manufacturing operations, though it is significant 
that, especially during high wind, the air m the neighbour- 
hood of the sea contains much more sodium chloride than 
is usual. 

176. The relation of Animal and Plant Life to Air. By 
breathing on a cool glass surface, and by expelling air 
from the lungs through lime-water, it is easy to demonstrate 
that expired air contains large quantities of moisture and 
carbon dioxide. Indeed the expired air from man contains 
usually over 4 per cent of carbon dioxide, that is, over 
one hundred times as much as normal air. 

The agencies at work in producing carbon dioxide are 

(1) Respiration of animals and plants ; (2) Combustion of 
fuel ; (3) Decay of organic matter > (4) Subterranean causes. 

Faraday calculated that nearly five million tons of carbon 
dioxide were contributed daily to the atmosphere by these 
processes. Under such a contribution the air would slowly 
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get more and more charged with carbon dioxide, and the 
percentage of oxygen would diminish. 

There are, however, processes constantly in operation 
which act in the opposite direction. 

(1) In the process of assimilation in plants, the green 
colouring matter (chlorophyll), in presence of direct or 
diffused sunlight, effects the decomposition of carbon 
dioxide and liberates oxygen. 

(2) Carbon dioxide being moderately soluble in water is 
carried down by rain, and is also taken up by surface 
waters and sea water 

The precise extent to which the loss and gain counteract 
one another is difficult to estimate, but that plant life is an 
important factor is shown by actual observations on the 
living plant, and by the variations in the amount of carbon 
dioxide in air in the neighbourhood of forests in the 
daytime, when the foliage is exposed to the sun's rays, as 
compared with night, when assimilation is chocked and 
only respiration goes on 

177. Is Air a compound or a mixture of Nitrogen and 
Oxygan ? We have seen that a chemical compound shows 
the following characters : 

(1) It possesses a definite composition (see 46). 

(2) The weights of the elements composing it are in 
proportion to the atomic weights, or in some simple multi- 
ple proportion of the atomic weights. This follows from 
the Atomic Theory see Chap. VII. 

(3) The compound shows distinctive physical and chemi- 
cal properties, the individual properties of the constituent 
elements being more or less completely concealed (see 45). 

(4) When combination takes place, heat is usually 
evolved 

(5) When gases combine to form a gaseous compound 
there is generally a contraction in volume, thus 

2 vols. of hydrogen + 1 vol. of oxygen form 2 vols. of 

water vapour. 

3 vols. of hydrogen + 1 vol. of nitrogen form 2 vols. of 

ammonia. 
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(6) The simple solution of a gas in water does not affect 
its chemical composition j for instance, if we dissolve 
ammonia or carbon dioxide in water, and then, by boiling 
the solution, expel the gas again, it will be found to be 
unaltered in character or composition. 

Now let us apply these tests to air. 

(1) The composition of air varies very little under 
different circumstances, but even such small variations as 
are found in its composition do not occur in the case of 
chemical compounds, 

(2) If we divide the relative proportions by weight of 
nitrogen and oxygen in the air by the atomic weights of 
nitrogen and oxygen, we shall see whether any simple 
multiple relation is shown. Of the 76-995 per cent, of 
nitrogen and argon present in air 937 per cent, is argon, 
so that the percentage of nitrogen is 76-995 -0937 = 76-058. 
We have therefore 



Nitrogen = 5-433; 



And 5 433 : 1-441 :: 377 : 1. 

That is, to be even approximately in agreement with the 
results of analysis we should have to assume a compound 
N 15 4 (3-77 : 1 = 1508 : 4). The same result may be 
arrived at by considering the volume relations of nitrogen 
and oxygen in air, 

(3), (4), and (5) Nitrogen and oxygen retain their 
characters with slight modification in air, and a mixture 
of the two gases in the proper proportions shows precisely 
the same characters in all respects as air. No heat is 
evolved when they are brought together, nor does any 
contraction in volume take place. 

(6) We have seen ( 109) that when air is shaken up 
with water, a greater proportion of oxygen dissolves than 
nitrogen, owing to the greater degree of solubility of 
oxygen, so that whilst in the air originally taken, one 
volume of oxygen is associated with approximately four 
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volumes of nitrogen, air dissolved in water consists of one 
volume of oxygen associated with two volumes of nitrogen. 

On all these grounds, therefore, we must admit that air 
is simply a mixture of nitrogen and oxygen. 

The following additional reasons may be mentioned: 

(7) The constituents of air can be partly separated by 
diffusion, for, owing to the difference in density of nitrogen 
and oxygen, they do not diffuse through a porous membrane 
at equal rates (see 55) ; if the gases were combined the 
compound would diffuse as a whole. 

(8) When liquid air boils the nitrogen distils off before 
the oxygen and argon. 

(9) The refractive index of air is the mean of those 
of oxygen and nitrogen; in the case of compounds the 
value is invariably found to be either above or below the 
mean of the values for the constituents. 

178. Fogs are caused by condensation of water vapour 
induced by dust. That dust is the cause of fog formation 
is proved by the fact that in filtered air fogs cannot 
form. Analysis of the deposit left after a fog showed it to 
consist of carbon, hydrocarbons, sulphuric acid, iron and its 
oxides, and silica. During a fog, too, the amount of carbon 
dioxide increases enormously and reaches from three to five 
times the normal amount. 



ARGON AND ITS COMPANIONS. 

179. In the year 1894 Lord Hayleigh noticed that the 
density of nitrogen obtained from the air was about 
4 per cent greater than that of nitrogen prepared by 
chemical methods. The only explanation which could be 
offered was that air contained a small quantity of another 
inert gas in addition to nitrogen, and that this gas had 
a greater density than nitrogen. Ramsay took up the 
question and succeeded in isolating this gas ; he passed air 
freed from carbon dioxide and water vapour over red-hot 
copper which removed the oxygen, and then over red-hot 



NlTROGJfiJS TUB Al'MOSFUJERK AttMOJNTA. 

magnesium which removed the nitrogen. The residue 
amounted to about 1 per cent, of the air used, and consisted 
of a very inert gas which Ramsay could not decompose or 
cause to combine with any known substance. He came to 
the conclusion that the new gas was an element, and on 
account of its inertness he called it argon. Argon has 
a molecular weight of 40 as determined from its density, 
and its molecule has been shown to contain one atom , the 
atomic weight is therefore also 40. Argon liquefies at 

- 187 and solidifies at - 189 5 0. 

More recently Ramsay has discovered several other new 
elementary gases in the atmosphere, namely, helium, neon, 
krypton and xenon. He fractionally distilled large 
quantities of liquid air, and from the lowest boiling portions 
isolated two elements, helium and neon From the 
portions boiling at a higher temperature than oxygen, 
nitrogen and argon, he isolated krypton and xenon. These 
elements are only present in exceedingly small quantities 
in the atmosphere , they are all very inert like argon and 
have not, up to the present, been induced to combine with 
any known substance. 

As in the case of argon, so with these other elements 
the molecule contains one atom. 

Helium has been found in some uranium ores and in 
certain springs as well as in the atmosphere. Helium is 
tlio most difficult of all gases to liquefy, its boiling-point 
being very near the absolute zero of temperature. Its 
atomic weight is 4. 

The atomic weights of neon, krypton and xenon are 
respectively 20, 81-75 and 128. 

AMMONIA, NII 3 . 

ISO. Occurrence. Ammonia or its compounds exist in 
small quantities in air and in natural waters, being pro- 
duced either from the nitrogen present in the air, or by 
the action of bacteria from refuse matters in the soil. 

* It has recently been found better to mix the magnesium with 
quicklime 
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181. Preparation. Whenever animal or vegetable pro- 
ducts containing nitrogen are strongly heated in closed 
retorts (air being excluded), and especially when they are 
heated with lime or other alkalies, ammonia is given ofd. 

In this way large quantities of ammonia are obtained 
during the distillation of coal (which contains about 1 J per 
cent, of nitrogen), the coal gas being cooled and then 
washed, by which means any ammonia is separated and 
obtained in solution. The further distillation of the liquid 
so obtained with lime sets free the ammonia, which, if 
passed into aqueous hydrochloric acid, forms ammonium 
chloride or sal ammoniac 



+ HC1 

Ammonium chloride 

In the laboratory ammonia is usually prepared by 
heating a mixture of ammonium chloride and slaked lime, 
Ca(OH) 2 

2 NH 4 01 + Ca(OH) 2 = Oa01 2 + 2 KH 3 + 2 H 2 O 

Exp. 127 Weigh out about 10 grammes of ammonium chlonde and 
20 giammcs of dry slaked lime and grind them up in a mortar till they 
are in a state of a fine powder and intimately mixed. Introduce the 
mixture into a small dry lound-bottomed flask, and connect thi3 with 
a U-tube containing lumps of quicklime or caustic soda, as shown in 
Fig. 48 Now heat the flask gently when ammonia will be evolved, 
and after being dned by the lime or caustic soda in the U-tube may 
be collected by upward displacement, being much lighter than air, 
Ammonia can also be collected over mercury, but not over water in 
which it is very soluble. 

The ordinary diying agents for gases sulphuric acid, calcium 
chloride and phosphorus pentoxide cannot be used in the case of 
ammonia, since it combines readily with them 

182. Properties Ammonia is a colourless gas, having a 
very pungent but not disagreeable odour if diluted with 
much air; in the pure condition it is injurious when 
breathed in quantity. At - 34 0. under ordinary pres- 
sure, and at under a pressure of seven atmospheres, 
dry ammonia condenses to the liquid form (see below, Carres 
apparatus). 

Exp 128. Fill a litre flask by displacement with dry ammonia, and 
show its solubility in the banie way as already described (Exp 118) 
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Water at C. dissolves 1,050 times its volume of the 
gas, and at 15 C. 727 volumes. The aqueous solution is 
lighter than water, and in its most concentrated form has 
the specific gravity 884 ; it contains 36 per cent bj 
weight of the gas. The gas may be entirely expelled by 
boiling the solution. 




Fio IS 

Ammonia neither burns readily in air nor supports com- 
bustion, but a mixture of warm ammonia and oxygen burns 
with a greenish-yellow flame. 

Exp. 129. Gently warm a strong solution of ammonia in a wide- 
mouthed eight-ounce flask, and bubble oxygen gas thiough the solution 
at the same time. A mixture of ammonia and oxygen will pass out at 
the open mouth of the flask, and will bum when a light is apphed 
to it. ^ 
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Metallic oxides which are reduced in hydrogen also 
undergo reduction when heated in ammonia gas ; the hydro- 
gen of the ammonia combines with the oxygen of the oxide 
to form water, and nitrogen is set free. 

183 Ammonium Salts. Ammonia in presence of water 
is a strong alkali, and combines directly with acids to 
form ammonium salts ; this can be well shown with hydro- 
chloric acid gas. 

Exp, 130 Fill two similar jars by displacement with ammonia 
and hydrochloric acid gas respectively, and cover the mouth of each 
jar with a glass plate. Now bring them mouth to mouth and with- 
draw the glass plates The gases as they come into contact will 
combine, forming a fine white powder which remains for some time 
diffused throughout the jars. This body is ammonium chloride, 
NH 4 C1 

NH 3 + HOI = NH 4 01. 

2 rols 2 vols. 

Ammonium sulphate, (NH 4 ) 2 S0 4 , ammonium nitrate, 
NH 4 N0 3 , and other salts may be obtained by neutralising 
a solution of ammonia with the respective acids, and then 
evaporating to dryness on a water-bath. 

The ammonium salts all contain the group of atoms 
NH 4 , which in them plays the same part as an atom of a 
monovalent metal. NH 4 does not exist in the free state. 
Such a group of atoms, which enters into a series of com- 
pounds, is called a compound radicle. We have had an 
example of a compound radicle in the case of hydroxyl 
(OH). These two radicles combine together when ammonia 
gas dissolves in water, forming ammonium hydroxide, 
NH 4 OH. 

The ammonium salts strongly resemble the salts of potas- 
sium and sodium but differ from them in one important 
respect, namely, their behaviour towards heat. We shall 
study this property at some length. 

When ammonium chloride is heated, it apparently sub- 
limes unchanged, the vapour condensing again to ammonium 
chloride. It has been shown, however, that the vapour 
is not that of ammonium chloride, but is a mixture 
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of ammonia and hydrochloric acid,* which recombine on 
cooling 

1 - NH + HC1. 



This dissociation is proved by measurement of the vapour 
density, and, more directly, by partially separating the two 
gases by diffusion. 

The ammonium salts of less volatile acids, e. g. sulphuric 
and phosphoric acids, are also dissociated by heat, but in 
this ca^e the volatile ammonia comes off alone, leaving the 
acid behind 



2 NH 8 + H 2 S0 4 . 

The ammonium salts of the oxyacids of nitrogen are not 
dissociated but decomposed by heat, giving either nitrogen 
and water, or nitrous oxide and water 

N 2 +2 H 2 
N 2 + 2 H 2 0. 

As already mentioned, ammonia combines directly with 
calcium chloride, the compound being represented by the 
formula Ca01 8 



184. Liquefaction of Ammonia by Pressure If ammonia 
gas be geneiated in quantity, and the receiver into which 
it passes be a closed vessel much smaller than the volume 
of the gas generated, it will be compressed and ultimately 
condense by its own pressure to the liquid form. This is 
indeed the method of Earaday (see 51), and a simple 
form of apparatus in which this piinciple is made use- of is 
that of Cair6 (Fig. 49). It consists essentially of a strong 
iron cylinder containing concentrated ammonia solution, as 
shown at A in the figure ; this communicates with a 
receiver B, of relatively small volume, by means of the 
tube 0. When A is surrounded by hot water, ammonia 
gas is given off freely and accumulates in the apparatus in 
such quantity that it condenses in the receiver B, which has 
been surrounded by cold water. 

* If however the ammonium chloride 13 absolutely dry ', it volatilises 
without dissociation 
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If we now reverse the arrangement and surround A with 
cold water, the liquid ammonia will boil very rapidly and 
pass back as gas into A, and this rapid transformation of 
liquid into gas will bring about a considerable depression of 
temperature in B. This vessel is provided with a space D, 
into which water may be introduced and frozen. By various 
applications of this principle, liquid ammonia is useJ on a 
large scale for obtaining low temperatures. 




FIG. 49. 

185. Composition of Ammonia. The composition of 
ammonia -may be determined by passing the gas through a 
red-hot tube containing copper oxide. The hydrogen is 
transformed into water, which may be collected and weighed 
in the manner already described ( 95), and the volume of 
nitrogen which passes forward may also be ascertained 



3 CuO + 2 NH 8 = 3 Cu + 3 H 2 + N 2 . 

The volume of hydrogen may be readily calculated from 
the weight of water obtained. 
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A second method depends on the fact that when electric 
sparks are passed through gaseous ammonia it is slowly 
decomposed into its constituents. Dry ammonia is passed 
into a eudiometer over mercury, and its volume accurately 
measured. The sparks are then passed until no further 
increase in volume occurs ; the final volume will be found 
to be just double the original volume. If now excess of 
oxygen be passed into the eudiometer and the spark 
passed, the hydrogen will combine with it and form water, 
which condenses, leaving nitrogen and the excess of oxygen 
added, two-thirds the diminution being the volume of 
hydrogen. The volume of nitrogen is found by subtracting 
the volume of hydrogen calculated fiom this diminution, 
from the volume of nitrogen plus hydrogen obtained after 
the first sparking 

This method is not very accurate owing to the fact that 
some of the nitrogen combines with oxygen, forming 
oxides of nitrogen. By the electrolysis of ammonia it may 
however be shown that the volume of nitrogen it contains 
is one-third that of the hydrogen. The experiment is 
performed in the following manner. A saturated solution 
of common salt is prepared, and to this is added about one- 
tenth of its volume of strong ammonia. The solution is 
now introduced into a voltameter similar to that figured on 
page 193, but fitted with carbon electrodes and submitted to 
the action of the current from six Bunsen cells. Nitrogen 
collects in one tube and hydrogen in the other, and the 
volumes will be found to be in the proportion 1 : 3 
- One of the most convenient methods of proving the 
volumetric composition of ammonia depends upon the fact 
that chlorine is capable of removing the hydrogen from it 
with liberation of free nitrogen, as we saw in 168. A 
long glass tube closed at one end is divided into three 
equal parts by india-rubber bands. It is next filled with 
chlorine at the pneumatic trough by displacement of 
chlorine water, and when quite full the mouth is closed by a 
cork carrying a small dropping funnel , this is don before 
the tube is removed from the trough so as to prevent any 
chlorine escaping. The tube is now placed in an upright 
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position and about 10 cubic centimetres of strong ammonia 
solution are introduced into the funnel. This solution is 
allowed to flow into the tube drop by drop : the first drop 
yhich enters reacts with the chlorine with 
formation of a yellowish-green flame, and as more 
ammonia enters dense clouds of ammonium chlor- 
ide are produced. When all the ammonia has 
been run in, a little dilute hydrochloric acid 
is introduced through the funnel to combine 
with the excess of ammonia. The gas which 
now remains in the tube is nitrogen under 
reduced pressure. In order to bring it to atmo- 
spheric pressure the funnel is filled with dilute 
hydrochloric acid; a tube bent twice at right 
angles, with one long arm and one short arm, is 
also filled with dilute acid, and the short arm is 
attached to the funnel by rubber tubing, whilst 
the long arm is dipped into some more acid con- 
tained in a beaker (see Fig 50) On now opening -p IG gQ 
the tap hydrochloric acid is sucked into the 
tube until the pressure is the same as that of the atmo- 
sphere. It will then be found that the liquid reaches to 
the second india-rubber band, i. e. the nitrogen occupies 
one-third of the tube. Now hydrogen and chlorine unite 
in equal volumes to form hydrochloric acid, so that the 
volume of hydrogen extracted from ammonia by the 
chlorine in the tube would just fill the tube. This hydrogen 
was originally in combination with the nitrogen left in the 
tube, so that the relative volumes of hydrogen and nitrogen 
in ammonia are in the ratio 1 : 3. 

By combining with this result a knowledge of the 
density of ammonia we can completely prove its com- 
position. 

Since the volumes of nitrogen and hydrogen which 
combine to form ammonia are in the ratio 1 : 3, it follows 
by Avogadro's hypothesis that the number of molecules of 
nitrogen and hydrogen which combine are in the same ratio. 
But the molecules of these two elements each contain two 
atoms, and therefore 
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Number of atoms of nitrogen in ammonia. _ 1 
Number of atoms of hydrogen in ammonia ~" 3 

The formula of ammonia is, therefore, NH 3 or N 2 TI 6 or 
N 3 H 9 , etc. 

Now the relative density of ammonia is 8 '5 (H = 1), and 
consequently its molecular weight is 8*5 x 2 = 17. 

Let us take first the simplest formula, viz. NH 3 , Since 
atomic weight of N = 14 and atomic weight of H=l the 
molecular weight of NH 3 is 14 + 1x3 = 17. This agrees 
with tho number obtained from tho density, so that N"H 3 is 
the correct formula 

186. Tests for Ammonia. Ammonia may be recognised 
by its smell j action on litmus, and by giving dense white 
fumes of ammonium chloride when brought in contact with 
hydrochloric acid gas. With Nessler's solution ammonia 
gives a characteristic brownish coloration or precipitate, 
according to the amount of ammonia present 

All ammonium compounds give off ammonia when 
treated with lime or caustic potash. 



QUESTIONS, CHAPTER XVI. 

1. Describe a method by which nitrogen may be obtained 

from air by removal of oxygen. 
2 Give two methods for the preparation of nitrogen from 

ammonia or ammonium salts. 

3. State the chief physical and chemical properties of 

nitrogen. 

4. Describe a method of determining the composition of 

the atmosphere by volume. 

5 How may the composition of the air by weight be 
determined ? 

6. A mixture of 25 c c. of air and 50 c,c. of hydrogen is 

exploded in a eudiometer, and Ihe volume of the 
residual gas is found to be GO 3 c.c, ; find the 
percentage of oxygon in the air 

7. The percentage composition of air by weight being 
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76 058 nitrogen, 937 argon and 23"005 oxygen, find 

the composition by volume. 
8. A litre of dry air is passed over heated copper and the 

increase in the weight of the copper found to be 297 

gramme : find the percentage by weight of oxygen in 

the air. (1 litre of air weighs 1*293 gramme.) 
9 How would you show that air contains carbon dioxide, 

and what means would you adopt for ascertaining the 

amount of carbon dioxide in air ? 
1 How do the following impurities originate in air : 

carbon dioxide, sodium chloride, ammonia, sulphurous 

acid? 
11, What agencies are at work which tend to remove such 

impurities as carbon dioxide and ammonia from the 

air? 
12 In what respect does a mixture of two gases, such as 

nitrogen and oxygen, differ in its behaviour from a 

compound of the two gases when shaken up in contact 

with water ? 

13. What indications are usually shown that two gases 

which you have brought together have entered into 
combination ? 

14. What reasons are there for supposing that the nitrogen 

and oxygen in air are mixed, not chemically combined ? 

15 Write a short account of argon and the other elements 

recently discovered in the atmosphere. 

16 Give a general method by which ammonia may be 

obtained from nitrogenous animal or vegetable 
substances 

17. How would you prepare and collect dry ammonia? 

18. How can it be shown that ammonia contains hydrogen? 
19 Explain what is meant by a compound radicle 

20. What experiments would you make to show that the 
composition of ammonia is rightly expressed by the 
formula NH 3 1 

21 Under what circumstances do nitrogen and hydrogen 
enter into combination, and under what circumstances 
is the compound so formed decomposed again without 
the intervention of chemical reagents ? 
M. OHEM, Q 



CHAPTER XVTI. 

OXIDES AND OXYACIDS OF NITROGEN. 

187. IN the following table is given a list of the oxides 
and oxyacids of nitrogen : 

Nitrous oxide, N 2 0. flyponitrous acid,H 2 N 2 2 

ISTitric oxide, NO. 

Nitrogen trioxide or Nitrous acid, HN0 2 . 

nitrous anhydride, N 2 8 . 
Nitrogen peroxide, N 2 4 . 

Nitrogen pentoxide or Nitric acid, HN0 8 , 

nitric anhydride, N 2 5 . 

Occurrence. The higher oxides are formed in small 
quantity when the electric discharge takes place in a mix- 
ture of nitrogen and oxygen. These oxides, or nitrous 
and nitric acid formed from them, therefore occur in the 
atmosphere and in rain water; waters contaminated by 
the drainage of surface soil, or by decaying nitrogenous 
organic matter, also contain similar products. In all such 
cases, owing to the difficulty of bringing about direct com- 
bination of nitrogen and oxygen, they are present in very 
minute quantities. Nitric acid or the nitrates being in 
all cases the source from which the oxides of nitrogen are 
derived, we shall treat these first. 
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NITRIC ACID, HN0 8 

188. Preparation. Nitric acid, being a volatile acid, is 
expelled from nitrates by the action of less volatile acids, 
such as concentrated sulphuric acid (or silica), and this 
reaction is made use of in its preparation, nitrate of potash 
or soda being usually employed. 

Erp. 131. Introduce 20 grammes of potassium nitrate into a 
stoppered retort, and as much concentrated sulphuric acid as will 
just cover it. Apply a moderate heat, and presently the vapour of 
nitric acid will pass over and condense in the neck of the retort. 
The liquid may be collected m a small flask slipped over the mouth 
of the retort, and kept cool by means of a stream of cold water or a 
wet cloth When about 10 c.c. have been distilled over, or so soon 
as whitish fumes of sulphuric acid begin to appear, the experiment 
should be stopped 



KN0 3 + H2S0 4 = KHSO< + 

189. Properties of the Acid. The pure acid is a colour- 
less, fuming liquid, of specific gravity 1 53, boiling at 86 C. 
with paitial decomposition into nitrogen peroxide, oxygen 
and water. It is highly corrosive, and by contact instantly 
stains the skin yellow, more prolonged exposure giving rise 
to serious wounds. Dry straw and woody fibre are charred 
or even set fire to by contact with it. It mixes with water 
in all proportions, and if the dilute solution be concentrated 
in air at atmospheric pressure it becomes stronger until 68 
per cent, of acid is present; it then distils unchanged at 
120'5 C. under normal pressure Similarly, on distilling 
an acid stronger than this, it gradually becomes weaker till 
it contains 68 per cent of HNO 8 , when it passes over un- 
changed. If the pressure is not normal the composition 
and boiling-point of the acid which distils unchanged have 
different values, as in the case of the halogen acids. 

As already stated, pure nitric acid decomposes to some 
extent at its boiling-point ; at higher temperatures this 
decomposition takes place very readily, as may be illustrated 
by the following experiment : 
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Exp. 132. Support a clay pipe in the position shown in the dia- 
gram by means of a 
retort-stand and clamp 
(not shown). Heat 
the tube strongly at a 
spot about 9 inches 
from the bowl by 
means of a Bunsen 
burner, and then pour 
about 5 c c. of strong 
nitnc acid into the 
bowl On reaching 
the heated part, de- 
composition takes 

51. place, and the \\eight 

of acid above pushes 
the gaseous products out through the stem of the pipe The oxygen 
may be collected over water ; the mtiogen peroxide being soluble 
goes into solution. 

The equation representing the decomposition of nitric 
acid on heating is 

4 HN0 3 . 2 H 2 + 4 N0 2 + Og. 

On account of the large percentage of oxygen which 
nitric acid contains (76 per cent.), and of the ease with 
which it parts with some of this oxygen, we should expect 
it to possess strong oxidising properties, and such is the 
case. Thus it readily transforms 0, S, P and I into C0 2 , 
H 2 S0 4 , HgPO^ and HI0 3 respectively, whilst turpentine 
when mixed with it inflames. 

190. Action on Metals Most metals dissolve readily in 
nitric acid with evolution of red f umes s the nitrate of the 
metal, or in some cases the oxide, being formed. It is only 
rarely that free hydrogen is one of the products of the 
reaction. We may suppose that the first action of nitric 
acid on a metal is to convert it into the nitrate with libera- 
tion of nascent hydrogen, but the latter is immediately 
oxidised to water by a further quantity of nitric acid. 
Thus, taking the case of copper which reduces dilute nitric 
acid chiefly to nitric oxide, the two stages may be thus 
repiesented 
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(1) Cu + 2 HN0 3 = Cu(N0 8 ) 2 + 2 H. 

Nascent 

(2) 3 H + HNO a = 2 H 2 + NO. 

Nascent, 

On combining the two equations we get for the whole 
reaction 

3 Cu + 8 HNO 3 = 3 Cu (N0 3 ) 2 +2 NO +4 H 2 0. 

The reaction may, however, be explained in another way, 
namely, by supposing that nitric acid first converts the 
metal into an oxide itself undergoing reduction, and then 
the oxide reacts with a further quantity of nitric acid, 
producing a nitrate of the metal and water 

(1) 3 Cu +2 HN0 3 = 8 CuO + H 2 + 2 NO. 

(2) CuO + 2 HN0 8 - Cu(N0 3 ) 2 p j+ H 2 O. 

It is beyond the scope of this book to discuss the relative 
merits of these two explanations. 

The products of the reduction of nitric acid by metals 
may consist of any of the following substances : nitrogen 
peroxide, nitrous acid, nitric oxide, nitrous oxide, nitrogen 
and ammonia. 

The exact course of the reaction depends upon the 
following factors: 

The nature of the metal. 

The strength of the acid. 

The temperature. 

The concentration of the products in solution. 

Thus we have seen that with moderately dilute acid 
copper forms chiefly nitric oxide ; with strong nitric acid, 
however, the main product is nitrogen peroxide 

Cu + 4 HNO 3 - Cu(N0 3 ) 2 + 2 H 2 + 2 N0 2 . 

Again, zinc with dilute nitric acid yields chiefly nitrous 
oxide, but with a somewhat stronger acid a large proportion 
of ammonia results 

(1) 4 Zn + 10 HN0 3 - 4 Zn(N0 8 ) 2 + 5 H 2 + N 2 O. 

(2) 4 Zn + 9 HNO a 4 Zn(N0 8 ) 2 + 3 H 2 + NH a . 
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The ammonia produced combines with the excess of 
nitric acid to produce ammonium nitrate 



NH a + HNO a 
So that equation (2) is more correctly expressed 
4 Zn + 10 HN0 3 = 4 Zn(N0 8 ) 2 + 3 H 2 + NH 4 N0 8 . 

The relative amount of reduction which nitric acid has 
undergone when the products nitrogen peroxide, nitrous 
acid, etc., are formed, can he well illustrated in the follow- 
ing manner, regarding nascent hydrogen as the reducing 
agent : 

2 HN0 3 + 2 H = 2 H 2 + 2 N0 2 , 
2 HN0 3 + 4 H = 2 H 2 + 2 HN0 2 . 
2 HN0 8 + 6 H = 4 H 2 + 2 NO. 
2 HN0 3 + 8 H 5 H 2 + N 2 0. 
2 HN0 3 + 10 H = 6 H 2 + N 2 . 
2 HN0 3 + 16 H = 6 H 2 + 2 NH 3 . 

It will be noticed that the number of atoms of hydrogen 
required to reduce two molecules of nitric acid successively 
increases from nitrogen peroxide to ammonia. 

The metals which do liberate free hydrogen from nitric 
acid are magnesium and manganese, the mam products with 
the dilute acid being in both cases ammonia and hydrogen. 
"When a metal such as mercury is capable of forming two 
nitrates the lower one is produced when the metal is in 
excess, the higher when the acid is in excess. Tin with 
quite dilute acid gives stannous nitrate, but with stronger 
acid it behaves in an unusual manner, being converted into 
stannic oxide, Sn0 2 

Sn + 4 HN0 8 - Sn0 2 4- 4 N0 2 + 2 H 2 O. 

Antimony is similarly oxidised to antimony pentoxide, 
Sb 2 5 . 
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191. The passive state. Pure concentrated nitric acid 
does not attack iron, nickel or tin, 

It was formerly supposed that the acid covered them 
*vith a coating of a higher oxide of the metal, which 
prevented the further action of the acid, rendering the 
metals "passive." Recently it has been suggested that 
the cause of the phenomenon is an electrical one, but 
the true explanation is still a matter of doubt. 

192. Aqua Regia The so-called "noble" metals, such 
as gold and platinum, are not acted upon by nitric acid 
of any strength, but readily dissolve in a mixture of hydro- 
chloric and nitric acids * which has for this reason been 
termed aqua regia. 

The cause of the difference is that hydrochloric and 
nitric acids mutually interact setting free chlorine, which, 
especially in the nascent state, readily attacks gold and 
platinum 

3 HC1 + HN0 8 = NOC1 + C1 2 + 2 H 2 0. 

193. The Nitrates. These salts may be looked upon as 
nitric acid in which the hydrogen of the acid is replaced 
by a metal, thus 



HN0 8 KNO 8 NaN0 8 NH 4 N0 3 AgN0 3 . 
Pb(N0 8 ) 2 Cu(N0 8 ) 2 Ca(N0 3 ) 2 Ba(N0 3 ) 2 . 



They may be produced by the action of the acid on the 
metals or on their oxides, hydroxides, or carbonates. 

Kxp. 133. To a few cubic centimetres of dilute nitric acid con- 
tained in a porcelain basin add fragments of lead, and digest on a 
water-oath until the acid is saturated and no more of the metal 
will dissolve. Evaporate the clear liquid to dryness, when a white 
salt, nitrate of lead, remains. 

Exp. 134 Dilute 5 c c. of nitric acid with an equal bulk of water, 
and add a little litmus solution, which will become of a bright red 
colour. Now add ammonia solution little by little until the last 

* Aqua regia is usually made lay mixing nitric acid with four times 
its volume of hydrochloric acid. 
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drop turns the litmus blue, and concentiate the liquid to a point 
at which, when a drop of it is allowed to cool on^he end of a glass 
lod, it crystallises. On standing, crystals of amnftfhium nitrate will 
be obtained. 

All the nitrates are soluble in water : those of the alkali 
metals are the most stable, and those of the heavy metals 
the least stable. When strongly heated all undergo 
decomposition. 

Nitrates of the heavy metals evolve oxides of nitrogen 
(generally N0 2 ) and oxygen, leaving an oxide of the metal 

2 Pb(N0 8 ) 2 = 2 PbO + 4 N0 2 + 2 . 

Nitrates of the alkali metals (K, Na) evolve oxygen, 
leaving a nitrite . 

2 KN0 8 2 KN0 2 + 2 . 

Ammonium nitrate decomposes in an exceptional way, 
forming nitrous oxide and water 

NH 4 N0 8 - N 2 + 2 H 2 0. 

Nitrates when heated naturally exert a powerful oxidising 
action on substances which may be mixed with them. 

Exp. 135. Heat a few grammes of potassium nitrate in a test-tube 
until it fuses, and then drop into it one or two fragments of dry 
charcoal Tlie charcoal will ignite and burn with violence, being 
oxidised by the nitrate to C0 2 

Exp 136 Repeat the experiment, introducing a few small shavings 
of lead ; the lead will be OTidised at the expense of the nitrate and 
transformed into a yellowish powder, oxide of lead 

191 Tests for Nitrates. (1) Nitrates when heated with 
sulphuric acid or silica give off nitiic acid fumes, often 
accompanied by red fumes of nitrogen peroxide. 

(2) Mix a solution of a nitrate with strong sulphuric acid, 
and add copper turnings j on warming red fumes will be 
given off. 

(3) (The most sensitive test). Mix a cold solution of a 
nitrate with a cold strong solution of ferrous sulphate, 
and pour gently down the side of the tube strong sulphuric 
acid : the latter sinks to the bottom, and a dark ring forms 
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above it. "The sulphuric acid liberates nitric acid from the 
nitrate, and the ferrous sulphate reduces the nitric acid to 
nitric oxide, -which combines with more ferrous sulphate 
Xo form the dark-coloured solution. 

195. Uses of liTitric Acid. Nitric acid is largely used in 
the manufacture of a number of important substances such 
as sulphuric acid, nitroglycerine, guncotton, colours, and 
nitrates. Among the last may be mentioned silver nitrate, 
which is used in photography, strontium and barium nitrates, 
which are used in pyrotechny, and lead nitrate which is 
employed in calico-printing. Nitric acid is also used in 
Grove's and Bunsen's electric batteries. 



NITROUS ACID, HN0 2 . 

196, This acid is only known in dilute aqueous solution. 
It may be prepared by adding a strong acid such as hydro- 
chloric acid to a solution of a nitrite, e.g. potassium nitrite, 



KN0 2 



KN0 2 + HOI = KC1 + HN0 2 



The aqueous solution gradually decomposes at ordinary 
temperature, and more rapidly on warming, according to 
the equation 

3 HN0 2 = HN0 3 + 2 NO + H 2 O. 

Nitrous acid is capable of acting both as a reducing 
agent and as an oxidising agent ; as the former towards 
substances which readily give up oxygen, and as the latter 
towards those which readily take up oxygen. Thus it is 
rapidly converted into nitric acid by potassium perman- 
ganate, the latter being reduced and decolorised. In the 
presence of dilute sulphuric acid the reaction which takes 
place may be thus represented 

5 HN0 2 + 2 KMn0 4 + 4 H 2 S0 4 = 2 KHSO 4 + 
2 MnS0 4 + 5 HN0 8 + 3 H 2 0. 

On the other hand, nitrous acid liberates free iodine from 
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potassium iodide. We may suppose that free hydnodic acid 
is first formed by double decomposition, and that this is then 
oxidised by the excess of nitrous acid 

KI + HN0 2 - KN0 2 + HI. 
2 HI + 2 HN0 2 = 2 H 2 + 2 NO + L, 

197. Nitrites. The nitrites of the alkali metals may be 
formed 

(1) By heating the corresponding nitrates, e.g. 

2 NaNO 3 = 2 ETaN0 2 + 2 . 

If the nitrate is heated with certain metals, such as lead, 
the decomposition is brought about more readily, the metal 
taking up the oxygen 



+ Pb NaNO 2 + PbO. 

Sodium nitrate Lead Sodium nitrite. Lead oxide 

(2) By the action of nitrogen peroxide on the caustic 
alkalies. In this case nitrates are formed simultaneously 



2 N0 2 + 2 KOH = KN0 3 + KN0 2 + H 2 0. 

Potassium Potassium 
nitrate nitrite. 

All nitrites are soluble in water, but silver nitrite, 
AgN0 2 , is only sparingly soluble, and is formed as a white 
precipitate when a strong solution of silver nitrate is mixed 
with a strong solution of sodium nitrite. 

198. Tests for Nitrites. -(1) The evolution of red fumes 
(nitrogen peroxide) when the salt is treated with sulphuric 
acid. 

(2) The formation of a dark ring at the surface of con- 
tact when a solution of ferrous sulphate is poured upon a 
solution of a nitrite, to which dilute sulphuric acid has been 
added (in some cases the addition of acid is unnecessary). 

(3) The liberation of iodine from potassium iodide on the 
addition of an acid, e. g sulphuric acid, and the decoloris- 
ation of potassium permanganate solution iii presence of 
acetic acid. 
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NITROGEN PENTOXIDE, N 2 O fi . 

199. This is a white crystalline solid obtained by the 
action of a powerful dehydrating agent, such as phosphorus 
pentoxide, on nitric acid. The acid is introduced into a 
retort and well cooled by means of a freezing mixture. A 
quantity of phosphorus pentoxide equivalent to the acid 
used is gradually added, and on now gently warming the 
mixture nitrogen pentoxide distils over and is collected in 
a cooled receiver 

2 HN0 3 + P 2 5 = 2 HP0 3 + N 2 6 . 

A second method of preparation is to pass dry chlorine 
over dry silver nitrate 

4 AgNO 8 + 2 C1 2 = 2 N 2 O 6 + 4 AgCl + O 2 . 

Nitrogen pentoxide enters into combination with water 
with gieat energy, reproducing nitric acid ; it is therefore 
the anhydride of this acid. It is an unstable body and 
undergoes decomposition with explosive violence when 
heated. 



NITEOGEN TETROXIDB OR PEROXIDE, N 2 4 or NO 2 . 

200. Preparation. Nitrogen peroxide is formed on the 
direct combination of nitric oxide, NO, with oxygen 

2 NO + 2 = N 2 4 . 

It may also be prepared by heating lead nitrate- 
2 Pb(N0 8 ) 2 - 2 PbO + 2 N 2 4 + O 2 . 

Exp. 137. Introduce 10 grammes of finely-powdered lead nitrate 
into a retort of " hard " glass (see Fig. 52) connected with a U-tnbe 
surrounded by a freezing mixture (pounded ice or snow and salt) and 
heat strongly. Red fumes are given off and condense in the U-tube 
to a colourless liquid, N 2 4 . Remove the freezing mixture and note 
that AS the temperature rioes the liquid darkens in colour, and 
at ordinary temperatures is orange yellow. 



236 



OXIDES AND OXYAC1DS OP NITROGEN. 



Nitrogen peroxide is also formed to some extent when 
electric sparks are passed through a mixture of nitrogen 
and oxygen 



2 2 = 2 N0 2 . 



201. Propeities. The liquid obtained as in the experi- 
ment just described passes, on strongly cooling, into a 
colouiless solid, melting at 10C If, on the other hand, 
its tempeiature is further raised it continues to get darker, 
and at 22 C. boils, giving off a reddish-brown vapour; the 




FIG, 52. 

vapour, in its turn, continues to darken with rise of tem- 
perature till it becomes almost black. This change in 
colour is accompanied by a corresponding change in com- 
position. Thus at low temperatures (-10 C.) nitrogen 
peroxide has the composition N 2 (X, and at 140 it has 
completely dissociated into N0 2 molecules, whilst at inter- 
mediate temperatures some of the molecules are N 2 4 , 
others are N0 2 . That this is the true explanation is 
proved by the changes in density which the gas undergoes 
with rise of temperature. 
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In the following table the values of the relative density 
(H = 1) are given for several different temperatures, and 
also the corresponding molecular weights. 



Temperature 


Relative density. 


Molecular weight. 


26*7 
602 

100-1 

135-0 
140-0 


883 
301 
243 
23 1 
230 


766 
60 2 
4:8-6 
46-2 
46 



Now the molecular weight of N 2 O 4 is 92, and that of 
N0 2 is 46, from which it follows that at 140 0. the dissoci- 
ation into NO 2 molecules is complete, but at 26 7 C the 
greater part of the gas consists of N 2 4 molecules. By 
means of the lowering of freezing-point method of deter- 
mining molecular weights, it has further been shown that 
at low temperatures nitrogen peroxide is composed of N 2 O 4 
molecules. 

Nitrogen peroxide is not a supporter of combustion 
in the ordinary sense, i. e it extinguishes a lighted ta/per, 
but substances which burn in oxygen and give out 
sufficient heat to decompose the nitiogen peroxide will also 
burn in the latter. Thus brightly burning phosphorus 
continues to burn in the gas with a dazzling light. 
Nitrogen peroxide is decomposed by water, the exact course 
of the reaction depending on the conditions. Thus with a 
small quantity of cold water, nitric and nitrous acids are 
produced 



H 9 



2N0 9 



+ HN0 2 , 

Nitric acid Nihous acid. 



but with hot water the reaction proceeds thus 
H 2 4- 3 N0 2 = 2 HN0 3 + NO. 

This is what we might expect when we remember the 
ease with which nitrous acid decomposes into nitric acid 
and nitric oxide. During the solution of nitrogen peroxide 
in water the liquid passes through a series of colour 
changes blue, green and orange. This is supposed to be 
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due to the gradual solution of the nitrogen peroxide in the 
nitric acid formed. Of course, in the presence of sufficient 
water all the nitrogen peroxide is decomposed and the 
solution becomes colourless. 

The gas attacks many metals, such as mercury, copper 
and iron. It is very poisonous. 

NITROGEN TEIOXIDB, N 2 3 . 

202. This oxide is obtained as a deep-blue liquid by 
passing nitric oxide into nitrogen peroxide, the temperature 
not being allowed to rise above - 21 C. 

NO + N0 2 - N 2 S . 

Nitrogen trioxide is very unstable, and even at - 20 C. 
commences to decompose into nitrogen peroxide and nitric 
oxide 

N 2 3 = NO + N0 r 

It cannot exist in the gaseous state. 

We saw in 196 that nitrous acid is produced by the 
action of a strong acid on a nitrite. At the same time, 
however, brown fumes are evolved, consisting of a gas 
which corresponds in percentage composition to nitrogen 
trioxide (i.e. the anhydride of nitrous acid) but really 
consists of a mixture of nitric oxide and nitrogen peroxide 

2 KN0 2 + H 2 S0 4 - K 2 S0 4 + NO + N0 2 + H 2 0. 



The same mixture of oxides is obtained by the action of 
nitric acid on arsenious oxide, As 2 3 

As 2 8 + 2 HN0 3 + 2 H 2 = 2 H 3 As0 4 + NO + N0 2 . 

Arsenic acid 



If the brown fumes obtained by either of these processes 
are cooled down to - 21 C. combination takes place with 
formation of nitrogen trioxide. 



OXIDHJS AND OX? ACIDS OF NITROGEN. 239 



NITRIC OXIDE, NO. 

203. Preparation. Nitric oxide is usually prepared by 
the action of moderately dilute nitric acid on copper. The 
reaction, which we have already discussed under Nitric 
Acid, is 

3 Cu + 8 HN0 8 - 3 Ou(N0 8 ) 2 + 4 H 2 -I- 2 NO. 

Ezp 138 Introduce a few grammes of copper tui rungs into an 
8 -ounce flask provided with a thistle funnel and delivery tube, and add 
about 50 c.c. of a nurture of equal parts of nitric acid and water. In 
a few moments gas begins to be evolved without the application of 
heat, and red fumes appear in the flask. 

These red fumes are formed by the action of the nitric oxide on the 
oxygen contained in the flask ; after a time the colour disappear as 
they are displaced, and the gas may then be collected over water at 
the pneumatic trough. 

The gas so produced is not pure ; it may contain othei 
reduction products of nitric acid, such as nitrous oxide. 
The best method of preparing pure nitric oxide is to warm 
a solution of ferrous sulphate and potassium nitrate, acidi- 
fied with dilute sulphuric acid 

6 FeS0 4 + 5 H 2 SO 4 + 2 KN0 3 



3 Fe 2 (S0 4 ) a + 2 KHS0 4 
+ 4 H,0 + 2 NO. 



204. Properties Nitric oxide is a colourless gas not 
very soluble in water, which dissolves about ^th of its 
volume of the gas under ordinary conditions. It is very 
difficult to liquefy, requiring a pressure of 104 atmospheres 
at - 11 0. ; the liquid boils under normal pressure at 
- 93 0. 

Nitric oxide by mere admixture with oxygen combines 
with it, as we have seen, giving rise to red fumes of 
nitrogen peroxide 

2 NO + 2 - 2 N0 2 . 

Exp. 139. Expose a jar of the gas to air, and observe the red 
fumes. 
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Ezp 140. Pass oxygen little by little into a jar of the gas standing 
over water, allowing an interval to elapse between each addition. Red 
fumes will be foimed, and these will dissolve in the water, which 
gradually rises in the jar If the gas is pure and the oxygen be added 
in the pioper pioportion, the water will use so as to completely fill th^ 
jar. A dilute solution of nitious acid is thus formed, and may be 
shown to liberate iodine from potassium iodide, or to decolonse 
permanganate of potash. 

Nitric oxide is the most stable of the oxides of nitrogen, 
and is only decomposed at a red heat (600 C.) It does not 
support combustion except when sufficient beat is evolved 
to decompose it, the oxygen which is liberated being the 
actual supporter of the combustion. Thus a lighted taper, 
ourning sulphur and feebly burning phosphorus are 
extinguished by it, but fully ignited phosphoius continues 
to burn brightly. 

Exp 141. Try whether a lighted taper, burning sulphur and 
phosphorus when just lighted, will continue to burn in the gas , then 
try phosphorus which has become fully ignited. 

Nitric oxide dissolves readily in a solution of ferrous 
sulphate, forming a brown compound (FeSO 4 ) 2 NO. This is 
the compound forming the " brown ring" in the test for 
nitrates. On gently warming, this compound dissociates 
into ferrous sulphate and nitiic oxide which is evolved in a 
pure state. 

205. Composition of Nitric Oxide "When uon is heated 
in nitric oxide it combines with the oxygen and sets free 
the nitrogen. The gas first expands by the heat, and the 
iron then burns forming tnforric tetroxide, Fe 3 4 . On the 
completion of the reaction only nitrogen remains, and this 
gas will be found to occupy half the volume of the onginal 
gas. Hence one molecule of nitric oxide contains one 
atom of nitrogen, and its formula may be expressed NjO^. 
To determine the value of x we must ascertain the density 
of nitric oxide compared with hydrogen. It will be found 
to be 15, and since the hydrogen molecule, H 2 , weighs 2, 
the molecule of nitric oxide must weigh 15x2 = 30, i.e. 
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N^ = 30. But Nj = 14 ; therefore O* = 30 - H = 16. 
Now the atomic weight of oxygen is 16, and therefore 
x = 1, i. e. the molecule of nitric oxide is represented by 
NO. 

NITEOUS OXIDE, N 2 O. 

206. This gas is familiaily known as "laughing gas," 
because when breathed in small quantity it produces a feel- 
ing of exhilaration. Inhaled in laiger quantities it is an 
anaesthetic, and renders the subject insensible to pain. It 
is for this reason employed in dentistry. 

Preparation. It has already been pointed out ( 190) 
that when nitric acid (dilute) is acted upon by zinc, nitrous 
oxide is formed. It is more usual, however, to prepare it 
by heating ammonium nitrate, the decomposition being 
represented by the equation 

NH 4 N0 3 = N 2 + 2 H 2 0. 

Exp 142 Introduce about 30 grammes of dry ammonium nitrate 
into a 4-ounce flask and heat gently just so as to bung about a 
steady and not too lapid evolution of the gas The duliM'iy tube 
should be wider than usual, as the salt is liable to be earned over and 
to stop up the tube ; also stop the expenment when about two-thuds of 
the salt has been decomposed or an explosion may ensue. Cold water 
dissolves about its own volume of the gas ; it may, however, be 
collected over hot water. 

207. Properties of Nitrons Oxide. It is a colourless gas 
with an agreeable odour and taste. It condenses at 15 0. 
under a pressure of 40 atmospheres to a liquid which boils 
at - 92 0. under ordinary pressure. One hundred volumes 
of water dissolve 130 volumes of the gas at 0., 92 at 10 
C., and 67 at 20 0. 

It is easily decomposed by heat, and supports combustion 
almost as readily as oxygen. 



143. Plunge a glowing taper into a jar of nitrous oxide, and it 
will burst into flame just as it does in oxygen Sulphur and phosphorus 
also burn in the gas with almost as much vigour as in oxygen, though 
if only feebly igmted they may be extinguished. To distinguish it 
from oxygen, pass nitric oxide into the gas , no red fames will appear. 
M CHEM. K 
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208 Composition of Nitrous Oxide The composition of 
the gas may be determined by the combustion of potassium 
in it and by an estimation of the density The combustion 
experiment may be earned out in the apparatus shown ip. 

Fig. 53, the gas 
being confined over 
mercury. It will 
be found that when 
the lesidual gas 
has cooled down to 
the ordinary tem- 
perature there is 
no change in 
volume, showing 
that nitious oxide 
contains its own 
volume of mtiogen, 
The formula must 
therefore be N 2 r But the density is 22, corresponding 
to a molecular weight 44 ; theiefore the weight of oxygen 
in a molecule of nitrous oxide is 44-2x14 = 16. It 
follows that =1, and the formula is N 2 0. 

The composition may also be determined by exploding 
with excels of hydrogen in a eudiometer, when the reaction 




FIG 53. 



The residual gas consists of nitrogen and excess of 
hydrogen; the amount of the latter is estimated by ex- 
ploding with excess of oxygen when two-thirds of the 
diminution in volume represents the hydrogen piesent. 
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QUESTIONS. CHAPTER XVII. 

1 How do you account for the occmience of oxides of 

nitrogen, and the oxyacids or salts of these, in the air 
and in the soil? 

2 What is the effect of distilling (a) very dilute nitiic 

acid, (6) pure nitric acid ? 

3, Describe an experiment by which oxygen gas can be 

obtained from nitric acid, 

4. Give striking experiments calculated to illustrate in 

regard to nitric acid, (a) its powerful oxidising action ; 
(b) its powerful solvent action. 

5 What explanations have been given of the action of 
dilute nitric acid on copper 1 

6. Compare the action of nitric acid of different strengths 

on the metals, zinc, copper and tiD. Give equations. 

7. Explain what is meant by the passive state. 

8. What is aqua regia, and on what does its special power 

as a solvent ot metals depend? 

9. How would you prepare the nitrates of lead and 

potassium, and obtain them, in the form of crystals ? 

10. Give an account of the action of heat on metallic 

nitrates. 

11. Desciibe three tests which are characteristic of nitrates. 

12. What are the chief uses of nitric acid? 

13. What is the action of heat on a solution of nitrous 

acid 1 

14. Give examples (with equations) of (a) the oxidising 

action, (&) the reducing action of nitrous acid. 

1 5. By what chemical reactions may nitrites be distinguished 

from nitrates ? 

16. What is the action of chlorine on dry silver nitrate] 

1 7. How is nitric anhydride usually prepared, and what are 

its chief properties 1 

18. How is the tetroxide of nitrogen obtained? Discuss 

the action of heat on this substance 

19. Under what conditions does nitrogen peroxide become 

a supporter of combustion ? 
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20. What is the action of water on nitrogen peroxide 1 

21. Under what conditions does nitrogen tuoxide exist, 

and how is it piepared? 

22. How TQ.&J pure nitnc oxide be obtained? 

23. What are the pioperties of nitiic oxide, and how may 

it be distinguished from nitrous oxide ? 

24. Demonstrate that the chemical formula of nitric oxide 

is NO. 

25. Give two methods for the preparation of nitrous oxide. 

26. State the physical properties of nitrous oxide, and say 

liow you would distinguish by chemical tests nitrous 
oxide from oxygen. In what i aspects does it resemble 
ox) gen ? 



CHAPTEE XVIIL 

SULPHUR. SULPHURETTED HYDROGEN, 

SULPHUR, 

209. Occurrence Sulphur is one of the comparatively 
few elements which occur m quantity in the uncombined 
condition. In Einope it is found in the neighbourhood of 
active or extinct volcanoes in Italy, Sicily, Iceland, etc, 
being usually associated with mineral matter, In combin- 
ation with hydrogen it is found as sulphuretted hydrogen 
in certain mineral springs, and with metals as mineral 
sulphides, such as iron pyrites, FeS 2 ; galena, PbS; zinc 
blende, ZnS; and cinnabar, HgS, Sulphates of lime 
(gypsum) and barium (heavy spar) also occur in some 
localities in consideiable quantity. We see then that 
sulphur either free or in combination is widely distributed, 

210, Extraction, Sulphur melts at 115 0., and in the 
molten condition can be run off from the earthy impurities 
and obtained in a state of moderate purity. The process 
is carried out as follows .Impure native sulphur is stacked 
in a brick kiln on a sloping floor, vertical air spaces being left 
at intervals. The sulphur is lighted at the bottom ; a small 
quantity burns and the heat produced melts out the rest. 
The melted sulphur runs down the sloping floor and 
collects in a trough placed to receive it 

245 



246 



SULPHUR. SULPHURETTED HYDROGEN. 



Sulphur boils at 440 C , giving off brownish-red vapours 
which readily condense again on cooling, and the further 
purification of the sulphur may be effected by distillation 
in an iron retort, the vapours being passed into a bricl^ 
chamber where they condense. (Fig. 54 ) At the outset 
when the chamber is cool the product obtained is a fine 
powder, called " flowers of sulphur," for just as water 




FIG 54. 

vapour at temperatures below zero (the melting-point of 
ice) condenses in the form of snow, so in the case of sulphur 
there is formed by rapid cooling finely-divided sulphur. 

When the temperature of the chamber rises above the 
melting-point of sulphur (115C.), the product of the 
condensation is liquid sulphur, and this is run off into 
moulds where it is cast into sticks known familiarly as 
" biimstone." 
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211. Physical changes of Sulphur under the action of 
Heat. 

Exp 144 Put about 30 grammes of sulphur in a wide test-tube, 
Jnd heat it as evenly as possible in the flame of a Bunsen burner. At 
115 C it will be seen to melt, and at a slightly higher tempeiatuie it 
forms a limpid liquid of a pale yellow colour As it gets hotter the 
liquid grows more viscid and darker in colour, till at 250C. it 
becomes almost solid and neaily black. Above 250 C it again 
becomes more mobile, and at 440 C. it boils and gives off a bio\vmsh- 
red vapour. Poui some of the sulphur at about 350 C. m a thin 
stieam into a beaker of watei, and note the pioduction of plastic 
sulphur. 

212. Allotropic modifications of Sulphur. Sulphur 
exists in several forms which show marked differences in 
their physical properties. These may be classified as 
follows : 

(a) Crystalline forms : 

(1) Octahedral sulphur. 

(2) Prismatic sulphur. 

(b) Amorphous forms : 

(1) Plastic sulphur. 

(2) White amorphous sulphur. 

(3) Yellow amorphous sulphur. 

(c) Colloidal sulphur. 

Octahedral Sulphur. Sulphur is found naturally in 
rhomhic octahedra (see Fig. 55), and it is 
in this form that it separates out from 
solvents, such as bisulphide of carbon, 
on slow evaporation. The specific gravity 
of rhombic sulphur is 2'045. 




Prismatic Sulphur. Sulphur in this 
form is no longer rhombic, but monoclmic ; 
it is also of lower specific gravity, 1 '93, and 
melts at 120 instead of 115, and when left 
at the ordinary temperature for some time, breaks up and 
passes into the more stable rhombic form, as, indeed, all 
the modifications tend to do. It is soluble in carbon 
bisulphide. 
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Exp 145. ILelt about 500 grammes of sulphur in a clay crucible, 
and allow it to cool until a crust forms at the surface ; the crust is 
then pierced and the still liquid portion poured out Beneath the 
crust and on the sides of the crucible will be found long prismatic 
needles of sulphui. 

Plastic Sulphur. As already stated, this form of sulphur 
is obtained by pouring sulphur at a temperature of 350 C. 
into cold water. Whilst in the crystalline form sulphur is 
brittle, in this condition, as the name implies, it can be 
moulded with the fingers, or drawn out into long flexible 
threads. Unlike the modifications previously described, it 
is insoluble in carbon di&ulphide : its specific gravity is 
1*95. On standing, it slowly hardens and passes into the 
ordinary form of sulphur, 

White Amorphous Sulphur. When hydrochloric acid is 
added to a solution of a polysulphide, e.g. calcium poly- 
sulphide or yellow ammonium sulphide, a white very finely- 
divided precipitate of amorphous sulphur is produced, 
called " milk of sulphur." This precipitate ib insoluble in 
carbon bisulphide. If sodium thiosulphate (Na 2 S 2 3 ) is 
used instead of a polysulphide, a similar white piecipitate 
of sulphur is at first produced, but this gradually turns 
yellow, when it becomes soluble in carbon bisulphide (being 
converted into the crystalline rhombic variety) 

Fa 2 S 2 3 + 2 HC1 - 2 NaCl + S + S0 2 + H 2 0. 

Exp 146. Make a modeiately concentrated solution of sodium 
thiosulphate, or of an alkaline poly sulphide (e g solution of yellow 
ammomum sulphide), and add a tew diops of hydrochlouc acid. 
The solution becomes turbid, and a white piecipitate of "milk of 
sulphur" is pioduccd, 

Note that in the cise of the thiosulphate the precipitate giadually 
turns yellow. Now add some caibon bisulphide and shake up ; the 
yellow crystalline precipitate dissolves, leaving a white piecipitate of 
unchanged amorphous sulphur. 

This variety of sulphur has a specific gravity 1 82. 

Yellow Amorphous Sulphur. " Flowers of sulphur " 
obtained as already described consists chiefly of small 
crystals of octahedral sulphur, but also contains a small 
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percentage of an amorphous modification. The latter is 
insoluble in carbon bisulphide, and can therefore be obtained 
by treating flowers of sulphur with this liquid, when the 
octahedral sulphur dissolves, and the amorphous portion 
remains behind as a light yellow powder of specific gravity 
1-96. This form is also produced when sulphur dichloride 
(S 2 C1 2 ) is decomposed by water 

2 S 2 01 2 + 3 H 2 = 4 HOI + 3 S + H 2 + S0 2 . 

Colloidal Sulphur is soluble in water and is obtained 
when solutions of sulphuretted hydrogen and sulphur 
dioxide are mixed 

S0 2 + 2 H 2 S = 2 H 2 + 3 S. 

213. Proof that the Allotropic Modifications of Sulphur 
consist of the same Element, On burning a known weight 
of any form of sulphur in oxygen and weighing the sulphur 
dioxide produced, it is found that in all cases the ratio of 
the weight of sulphur dioxide formed to that of sulphur 
burnt is 64 : 32, which agrees with the equation 

S + 2 = S0 2 . 

32 2 X 16 82 -f 2 X 16 = 64 

This proves that each of the different forms consists wholly 
of the same element The experiment may be carried out as 
follows : A small fragment of sulphur (about 0'2 gramme) 
is weighed out accurately m a porcelain " boat " (A, Fig 56) 
This is introduced into a piece of hard glass tubing in the 
position shown in the diagram. A series of bulbs, B, con- 
taming strong caustic potash solution, are weighed together 
with a small calcium chloride tube 0, and then attached to 
the end of the tube remote from the porcelain boat. The 
other end of the tube is connected with a supply of dry 
oxygen. The boat is now gently heated by means of a 
Bunsen burner, and a blow current of oxygen is passed 
through the tube. The sulphur burns forming sulphur 
dioxide, which is absorbed in the potash bulbs. Any 
moisture driven out of the bulbs by tjie current of gas is 
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absoibod by the calcium chloride in C, which, it will be 
remembered, was weighed along with the bulbs } thus an 
error in the final weight of the bulbs due to loss of water 
vapour is avoided When all the sulphur has disappeared, 
and no more absorption is observed to be taking place in 
the bulbs, they are disconnected and re-weighed (along with 
the calcium chlonde tube), after allowing them to cool. 
The incioase in weight gives the weight of sulphur dioxide. 
If any sulphur vaporises and condenses in the cooler part 
of the tube this must be gently heated by a Bunsen burner 
till it becomes oxidised. 

214. Combination of Sulphur with other elements 
Sulphur combines \\ith many elements when heated with 
them Thus it burns in oxygen at about 400 C., and it 




Oxygen jT 

A 



FIG. 56. 

combines with caibon at a red heat, forming carbon 
disulpludo, CS 2 , while chlorine and hydrogen passed into 
boiling sulphur give sulphur monochlonde, S 2 C1 2 , and 
sulphuretted hydrogen respectively, 

Many metals combine with sulphur when heated with 
it ; for example, iron (see Exp 04), silver, forming silver 
sulphide, Ag 3 S, and copper, foimmg cuprous sulphide, CujS. 

Exp. 147. Heat sulplmr to the boiling-point and until the upper 
part of the tube is filled \vith its vapoui, and then plungo into it thin 
sheet copper, or Dutch metal, the metal glows, and enters into 
combination with, the sulphur to form sulphide of copper. 

215 TJses of Sulphur. Sulphur is largely used in the 
arts for the production of matches, gunpowder, sulphuric 
acid, and as a source of sulphurous acid for bleaching 
wool, straw and silk. 
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SULPHURETTED HYDROGEN, U 2 S 

216. Occurrence. Sulphuretted hydrogen occurs In solu 
tion in certain mineral waters (e g those at llarro^ato), 
and is formed dining the putrefaction of animal and 
vegetable matters which contain sulphur. 

217. Preparation. The gas is most conveniently pro 
pared by the action of dilute sulphuric acid, or dilute 
hydrochloric acid on feirous sulphide 

FeS + H 2 S0 4 = FeS0 4 + H S. 
FeS + 2H01 = FeCl 2 + H^S. 

The best form of apparatus to use when a continuous 
supply of the gas is required is that shown in Fig 57. The 
upper bottle con- 
tains the dilute 
acid, and the lower 
one the ferrous sul- 
phide in lumps 
about the size of a 
walnut. The two 
bottles are con- 
nected by rubber 
tubing, on which is 
placed a clip, A. 
The mouth of the 
lower bottle is fitted 
with a coik, through 
which passes a de- 
livery tube provided 
with a stopcock, B, which is kept closed except when a 
supply of the gas is required. When this is the case the 
clip is loosened and a little acid allowed to run down on to 
the ferrous sulphide; the gas is led away by the delivery 
tube and passed through a wash-bottle containing a little 
water to remove impurities. To stop the supply of gas B 
is closed, and the ferrous sulphide bottle is r<used so that 



B 




FIG. 57. 
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the acid in It flows back into the acid bottle H 2 S cannot 
be collected over cold water as it is too soluble ; and owing 
to its offensive nature, and to the fact that it is only slightly 
heavier than air, it should not be collected by displacement 
of air, also mercury is inadmissible because it attacks 
the gas. Since, however, the solubility in water rapidly 
decreases with rise in temperature, hot water may be used. 

If only a small quantity of sulphuretted hydrogen is 
required, a Wolff's bottle provided with a thistle funnel and 
delivery tube may replace the apparatus above described. 

The gas obtained in this way always contains free hydro- 
gen on account of the iron present in the ferrous sulphide 
(which is piepared by heating iron and sulphur together). 
To obtain pure sulphuretted hydrogen, sulphide of antimony 
is heated in a flask with concentrated hydrochloric acid 

Sb 2 S 8 + 6 HOI = 2 SbCl s + 3 H 2 S. 

Antimony chloride. 

The gas is passed through a wash-bottle containing water 
to remove hydrochloric acid, and may then be collected as 
before. If dry sulphuretted hydrogen is required, the gas, 
after washing, should be passed through a U-tube contain- 
ing calcium chloride to absorb the water vapour (sulphuric 
acid cannot be used because it reacts with the gas). 

Sulphuretted hydiogen is also produced when hydrogen 
and sulphur vapour are passed together through a red-hot 
tube. 

218, Properties. Sulphuretted hydrogen is a colourless 
gas with a disagreeable odour, and is poisonous if inhaled 
in quantity. It is moderately soluble in water, which at 
C. and 760 mm pressure dissolves 4 37 times its volume 
of the gas, and at 20, 2 9 times its volume. The aqueous 
solution^ possesses the characteristic smell of the gas, and 
has a faintly acid reaction. Sulphuretted hydrogen burns 
with a blue flame, forming water vapour and sulphur 
dioxide in a free supply of oxygen or air, whilst in a limited 
supply of air free sulphur is foimed 

2 H 2 S + 3 2 = 2 H + 2 SO,. 
2 H 2 S + O a = 2 H;O + 2 S. * 
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Exp. 148. Piepare sulphiuetted hydiogen by tlie action of dilute 
sulplmiic acid ou fenous sulpliido , wash the gas Ly passing thiough a 
little water contamcd m a ilask, and collect a cylinder over hot waU'i 
Apply a liglited taper to tlio mouth, and note that the gia bums with 
apale blue flame, and that a gas (SO^) is foimed which has the 
suffocating odour of burning sulphur There is usually a slight deposit 
of sulphur on the sides of the vessel due to the cooling of the gas, and 
the difficulty of access of air in sufficient quantity to ensure complete 
combustion. 

If the taper be passed within the cyhndei in which the gas is burn- 
ing, it will be extinguished, showing that sulplimetted hydiogen, 
like liydrogen, bums in an (or oxygen), but does not suppoit the 
combustion of a taper. 

"Whilst perfoiming this expeiiment you will have noticed the 
obnoxious odour of the gas 

Exp 149. Fit the geneiatmg apparatus with a tube about 20 
centimeties long, drawn out to a fine jet The gas may be lighted at 
the jet when all the air is expelled, and the piesence of water in the 
products of combustion may be shown by holding a cool glass vessel 
over the flame. Also, by depressing the lid of a porcelain ci ucible into 
the flame, a deposit of sulphur may be obtained. Now heat the tube 
some distance away from the onfi.ee with a Bunsen burner or spirit- 
lamp, and the gas will be decomposed by the heat, and a deposit of 
siilphm will foim a little beyond the point wheie the heat is applied 
Finally, extinguish the flame, and allow the gas to impinge on i piece 
of filter-paper moistened with nitrate (or acetate) of lead , a dark stain 
will be produced owing to the formation of sulphide of lead by this 
test the presence of sulphuietted hydrogen may be detected even when 
piesent in veiy small quan titles. 

We have seen in the experiment just performed that 
sulphuretted hydrogen is easily decomposed by beat. It 
is also very readily broken up by the action of metals, 
many of which act upon it even at ordinary temperature ; 
the metal combines with the sulphur, and free hydrogen 
is liberated. The tarnishing of silver when exposed to the 
air of towns is an example of this ; the air contains a small 
percentage of sulphuretted hydrogen produced during the 
combustion of coal, which usually contains a small quantity 
of iron pyrites (FeS 2 ) ; this H 2 S in the air attacks the 
silver, producing a layer of silver sulphide, which is black. 
On heating many metals in the gas the same change is 
brought about much more rapidly ; tin and cadmium, for 
instance, very readily bring about the complete decora- 
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position of a confined volume of the gas on the application 
of gentle heat 

Sn + H 2 S = SnS + H 2 . 

As might be expected fiom the ease with which the gas 
is decomposed with liberation of hydrogen, sulphuretted 
hydrogen belongs to the class of reducing agents. For 
example, it reduces sulphuric acid to sulphur dioxide, and 
ferric chloride to ferrous chloride s according to the 
equations 

H 2 S + H S0 4 = S0 2 + 2 H 2 + S. 
2 FeCl 3 + HgS = 2 Fe01 2 + 2 HOI + S. 

Again, potassium permanganate and potassium bichromate 
in the presence of dilute sulphuric acid are reduced to 
manganous sulphate and chromic sulphate respectively 

2 KMn0 4 + 5 H 2 S + 4 IT 2 S0 4 = 2 KIIS0 4 + 2 MnS0 4 + 8 H 2 + 5 S 
K 2 Cr 2 O r + 3 H 2 S + 5 U 2 S0 4 = 2 KHS0 4 + Cr 2 (S0 4 ) 3 + 7 II 2 +3 S. 

In all these cases free sulphur is liberated. The action of 
the halogens on the gas has already been referred to in 
Chap. XIV. 

219. Sulphides. The formation of the sulphides of the 
metals can conveniently be studied by experiment. 

Ezp. 150. Make a solution of sulphuretted hydrogen in water, and 
dip in it a blue litmns paper , it will "be slightly reddened, showing that 
sulphuretted hydrogen is a weak acid By replacing the hydrogen of 
the acid by metals sulphides are produced. 

Pour a few c c. of it into neutral solutions of copper sulphate, lead 
nitrate, nickel sulphate, zinc sulphate, calcium chloiide, sodium 
chloride The following results will be noticed : 

With copper sulphate, a black precipitate of cupric sulphide 

CuS0 4 + HjjS = CuS + H 2 S0 4 . 

Cupnc sulphide 

With lead nitrate, a black precipitate of lead sulphide 
PXNO S ) 2 + HJ3 = PbS + 2 HN0 3 . 

Lead sulphide 
With nickel sulphate, a black precipitate of nickel sulphide 

+ HjS NiS - HaSO,, 

Nickel sulphide. 
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With zinc sulphate, a, white piecipit.itc of zmc sulphide 
ZnS0 4 + H 2 S = ZnS + H a S0 4 . 
Zinc sulphide 

The same effects arc pioduced by passing H 2 S gas into solutions of 
tie above salts 

In the case of calcium chloride and sodium chloride theie will be no 
precipitate, owing to the fact that the sulphides of calcium and sodium 
aie icadily soluble in water. 

Now add some hydrochlonc acid to the tubes containing the pie- 
cipitates, and the sulphides of nickel and zinc will be found to dissolve, 
whilst those of copper and lead will remain 

By such a method \ve may prepare many of the sulphides 
of the metals, and we shall find them divisible into the 
following classes 

(1) Sulphides insoluble in water and dilute mineral acids. 

(2) Sulphides which are insoluble m water, but soluble 

in dilute mineral acids 

(3) Sulphides which are soluble even in water. 

The precipitate may be separated by filtration from the 
solution which remains, and it is possible in this way to 
separate any member or members of one of these classes 
from those of another class * 

Many of the sulphides may also be prepared by mixing 
the metal (preferably in a finely-divided condition or m 
filings) intimately with excess of powdered sulphur and 
heating m a porcelain crucible until the portion of sulphur 
over and above that which will enter into combination with 
the metal is volatilised. Access of air or of gases which 
may act upon the sulphide is to be avoided. 

"When strong aqueous ammona is saturated with 
sulphuretted hydrogen the product consists of a solution 
of ammonium sulphide (NH 4 ) 2 S, ammonium hydrogen sul- 
phide, NH 4 'HS, and ammonium hydroxide ; this solution 
is known as "ammonium sulphide." On allowing it to 
stand in contact with the air it undergoes partial oxidation 
with formation of free sulphur, which then combines with 
more ammonium sulphide to form polysulphides of the 
general formula (NH 4 ) 2 S a; , where x may be as high as 9, 
These polysulphides are yellow, and so the solution of 
ammonium sulphide which is colourless at first gradually 
turns yellow and is then known as " yellow ammonium 
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sulphide," Yellow ammonium sulphide is largely employed 
as a reagent in qualitative analysis. 

220 Tests for Sulphides (1) Warm the substance with 
dilute sulphuric acid , most sulphides are decomposed witn 
the evolution of sulphuretted hydrogen, e, g. 



FeS + H 3 SO, = FeSO t + H S S. 

3?errous sulphide " Feirous sulphate 

The sulphuretted hydrogen may be detected by its odour 
or by its action on paper moistened with a solution of 
acetate of lead, Pb(C 2 H 3 O 2 ) 2 . 

(2) Mix a little of a dry sulphide with sodium carbonate 
and heat strongly on charcoal with the blowpipe flame. 
Sulphide of sodium is formed, and may be recognised by 
the fact that when a little of the product is placed on a 
silver coin and moistened, a brown stain is produced. All 
sulphides react in this way. 

221. Composition of Sulphuretted Hydrogen When 
sulphuretted hydrogen is heated alone or with metallic 
tin it yields its own volume of hydrogen. (If tin is used the 
experiment may conveniently be carried out in the apparatus 
shown in Fig 53, 208.) Applying Avogadro's hypothesis 
it follows that one molecule of sulphuretted hydrogen yields 
and contains one molecule, ^ e. two atoms, of hydrogen. As 
yet we have not determined the number of atoms of sulphur 
in the gas. Call this number x; then the formula for 
sulphuretted hydrogen may be written H 2 $ x . The simplest 
way to find x is to determine the molecular weight of 
sulphuretted hydrogen from its density. It is found that 
the relative density of the gas is 17 (H = I) j the molecular 
weight is, therefore, 2x17= 34, and so 

Molecular weight of sulphuretted hydrogen = 34 

Weight of hydrogen in a molecule of sulphuretted hydrogen = 2 

sulphur 32 

But 32 is the atomic weight of sulphur ; hence the mole- 
cule of sulphuretted hydrogen contains one atom of sulphur, 
Le. x= 1, and the formula becomes H 3 S. 
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QUESTIONS CHAPTER XVIII. 

1 How is sulphur separated from the mineral matter 
with which it is associated in the native condition 1 ! 

2. Under what conditions are " ilowcrs " of sulplmi and 

"milk" of sulphur foinied ? 

3. Describe the physical changes through which sulphur 

passes when it is heated in the absence of air. 

4. Tabulate the properties of the different allotiopic 

modifications of sulphur so as to bring out the 

differences between them. 
5 Describe the preparation of (a) prismatic sulphur, (b) 

plastic sulphur. 
6, What is the action of sulphur vapour on heated copj er, 

iron, oxygen, hydrogen and chloiine respectively? 

Grte equations lepiesenting the changes which occur 

7 How would you prove that OLtahedr.il and piisnutic 

sulphur consist of the same element ? 

8 How would you prepaic and collect a specimen of pure 

d)y faulphuiettod hydrogen ? 
9. What pi ./ducts aie obtained by buiniig sulphuretted 

hydrogen (a) in a limited supply of air, (b) in excess 

of aii ? 
10. Give examples with equations of the reducing action of 

sulphiuetted liydiogcn 
11 What is the action ot sulphmetted hydiogen on acid 

solutions of (a) silver nitrate, (b) copper sulphate, (c) 

lead nitrate? Give equations showing the changes 

which take place. 

12. How would you show (a) that sulphuretted hydrogen 

contains hydrogen and sulphur, (b) that it contains 
these elements in the proportions represented by the 
formula H 2 S 1 

13. What is the composition of "yellow ammonium 

sulphide"? 
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OXIDES AND OXYACIDS OF SULPHUR. 
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SULPHUR forms four compounds with oxygen, namely, 
sulphur dioxide, SOo, sulphur trioxide, S0 3 , sulphur 
sobquioxide, S^Og, and sulphur heptoxide, S 2 7 Two of 
the&e oxides, SU 2 and S0 3 , combine with water to produce 
corresponding acids, sulphurous acid, H 2 S0 3 , and sulphuric 
acid, ff 2 S0 4 , and they are therefore the anhydrides of 
these acids, The other two oxides do not produce the 
corresponding acids on treatment with water, though these 
acids can be obtained by other methods. The full list of 
the oxyacids of sulphur is 

Sulphurous acid H a S0 8 

Sulphuric acid H^SO^ 
Nordhausen sulphuric acid H 3 S/) 7 

Thiosulphuric acid II 2 !S 2 3 

Hyposulphuroiifc, acid H 2 S 2 4 

Persulphunc acid H 2 S 2 8 

Dithionic acid H^O^ 

Tritluonic acid H 2 S 3 6 

Tetrathionic acid H 2 S 4 G 

Penlathiomc acid H 2 S 5 6 

Hexathionic acid H 2 S 6 6 

We shall only study the more important of these compounds, 
taz. sulphur dioxide, sulphur trioxide, sulphurous acid, sul- 
phuric acid and thiosulphuric acid, 

258 
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SULPIIUK, DIOXIDE, S0 2 , 

223. Preparation When sulphur burns in air or 
oxygen, sulphur dioxide is foimed, and for purposes in 
which admixture with nitrogen or tho excess of oxygen is 
of no moment, the gas may be prepnied by this method. 
On the manufacturing scale indeed sulphur dioxide is some- 
times so obtained, though moio usually a sulphide contain- 
ing a largo proportion of sulphur, such as lion pyrites, FeS 2 , 
is employed (see 232). 

When the gas is requned in a tolerably pure condition 
the following method is applicable . 

Exp 151 About 20 gi amines of metallic copper aie planed in an 
eight-ounce flask piovukd with, a thisllo fimnol and tlclivuiy tuhc, and 
50 c c of concenti.itod sulpluuie acid aie ponied doun the fimnul 
Tlie flask is thun heated on n sand bath, rnodei.itmg the huat so soon 
as the c\ctioii commences The it action vhicli lak^s place is a complex 
one, but convsts essentially in the induction of the- snlplmiic acid by 
copper. The latter is converted clnuily into CuS0 4 and Cu 2 S, 

Mercury, charcoal, or sulphur may be substituted for 
coppor, but 111 the case of chaicoul the gas which passes off 
is mixed with carbon dioxide : 

C + 2 II 2 S0 4 = C0 2 + 2 H a O + 2 S0 2 . 
With sulphur the reaction is 

S + 2 HJ30 4 =. 2 11,0 + SO,, 

sulphur dioxide being formed both from the sulphur itself 
and from the sulphuric acid used. It remains to be added 
that all sulphites when treated with a mineral acid yield 
sulphur dioxide 



+ 2H 2 S0 4 = 2NaHS0 4 + H 2 + S0 2 

Sodium sulphite, Sodium liydi gou sulphate 

Sulphur dioxide being very soluble in water cannot be 
collected over this liquid ; mercury may however be used, 
but as the gas is more than twice as heavy as air it may be 
conveniently collected by displacement of air. Several jais 
may be filled with it, and its properties demonstrated by the 
experiments given below. 
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224. Properties. Sulphur dioxide is a heavy colourless 
gas having a suffocating odour At 760 mm. pi assure 
\vater at zero dissolves SO times its volume of the gas, and 
at 10 C. 56 times its volume, the solution having an acid 
reaction. Sulphur dioxide condenses to a liquid under 
ordinary atmobpheric pressme at 8 C , and under 2 
atmospheres piessuie at 0. It can thciefore be obtained 
in the liquid form by passing the gas into a vessel sur- 
rounded by a freezing mixture of ice and salt. 

Exp 152 Put a lighted tapoi into a jar of tlie gas , it will he 
extinguished, 1101 will tlie gas itself bum Metallic potassium \\hen 
pieviously ignited -will liowevei bum at the expense of the oxygen m 
tins gas. 

Exp 153. Show the great solubility of the gas by the method used 
in Experiment 118 ( 149), 01 by passing the gas thiough 10 c c. 
of \vatei until a satuiatcd solution is obtained Note the acid 
piopeities of the solution, and that it possesses the odour of the gas 

225 Reducing action, of Sulphur Dioxide Sulphur 
dioxide is a stroDg reducing agent , its powers as an 
antiseptic and as a medium for bleaching silk, stiaw 
and wool aie due to its affinity for oxygen. Chloime 
bleaches in consequence of its bringing about the oxidation 
of the colouung matter 3 sulphur dioxide bleaches, on the 
contrary, 111 consequence of its reducing action. The one 
libeiatea oxyym from water 

C1 2 + H 2 = 2IIC1 + O, 

Nascent oxygen 

the other liberates hydrogen 

H a S0 8 + H 2 = II 2 S0 4 + 2H 

Sulplmious acid - Sulphuiic acid Nascent hydrogen. 

The nascent hydrogen produced then combines with the 
colouring matter to produce a colourless compound In 
many cases the colour is restored by exposure to air, when 
the oxygen of the air oxidises the colourless compound 
back to the original coloured substance, In some cases of 
bleaching by sulphur dioxide the coloured compound corn- 
lines directly with $0 2 , in such ca^e^ the colour may be 
restoied by tlie addition of an acid which decomposes the 
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colouiless addition product with, evolution of sulphur 
dioxide. The S0 2 addition product may also be acted upon 
by the oxygen and moisture of the air, whereby the S0 2 is 
"converted into sulphunc acid and the colouied compound 
again set free 

Exp 154 Throw some lose-leaves into a solution of sulphui 
dioxide , tliwy aie hleichul Now add a few diops ot shong sulphunc 
acid , the colom is icstoied Til&uli soinu moic of the leaves in the 
same mannei, remove them, fiom the solution, and leave them exposed 
to the an foi some tune. The colour will giadually return 

It must be noted that an aqueous solution of sulphur 
dioxide does not undergo decomposition in the complete 
absence of air or other oxidising agent } water and sulphur 
dioxide do not react to give sulphunc acid and hydiogen 
unless theie is some substance present to take up the 
hydrogen. In the presence of air the solution gradually 
absoibs oxygen, and the following change takes place 

2 S0 2 + 2 H,0 + 2 = 2 H 2 S0 4 . 

Fioui theair 

Another good example of the reducing action of sulphur 
dioxide is its power ot converting ferric salts into ferrous 
salts. Thus ferric sulphate is reduced to ferrous sulphate, 
and ferric chloride to ferrous chloride 

Fe,(S0 4 ) 3 + SO, + 2 H,0 = 2 FeS0 4 + 2 H,SO 4 . 
2 FeCl 3 + S0 2 + 2 ll> = 2 Fe01 2 + H a S0 4 + 2 HC1. 

Potassium permanganate and potassium chromate are 
also readily reduced, the change being rendeied conspicuous 
by the alterations in colour which result, the purple per- 
manganate being decolorised, and the yellow chromate 
turned green 

Exp 155 Add a solution of sulphur dioxide in watei to solutions 
of potassium permanganate and potassium clii ornate respectively. 
N"ote the colom changes ; they may he used as tcbts for sulphur 
dioxide, both in the gaseous state and in solution. Potassium 
chromate is more usually employed foi tins puipose than potassium 
permanganate* 
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226 How to work out an Equation It will be useful 

to discuss the mode of ai riving at the equations which 
express the reactions taking place. Taking the case of 
potassium permanganate we know that the substances we 
start with are KMn0 4 , S0 2 , and water, and the products 
are acid potassium sulphate, BLHS0 4 (not the normal 
sulphate, because fiee sulphuric acid is produced), man- 
ganese sulphate, MnS0 4 , and free sulphuric acid. Now 
potassium permanganate may be considered as made up of 
the two oxi los, K 2 and Mn 2 7 (K 2 + Mn 2 O r = K 2 Mn 2 O 8 
= 2 KMn0 4 ), and manganese sulphate of MnO and S0 3 
We may therefore represent the reduction of potassium 
permanganate to manganese sulphate by reference to 
the corresponding oxides of manganese, thus 

Mn 2 7 ~> 2 MnO + 50 

But Mn/) 7 coi responds to two molecules of potassium 
permanganate, and therefore two molecules of KMn0 4 
yield five atoms of oxygen available for oxidising purposes^ 
\ e of so-called "available oxygen." Now, one molecule 
of sulphur dioxide requires one atom of oxygen to convert 
'b into sulphur trioxide, the oxide corresponding to sul- 
phuric acid , consequently 5 atoms of oxygen will oxidise 
1 molecules of sulphur dioxide. We can now write down 
the left-hand side of the equation with the exception of an 
unknown quantity of water, say x molecules 

2 KMn0 4 + 5 S0 2 + aH 2 = 

Now since the potassium goes to KHSO 4 and the 
manganese to manganese sulphate, the right-hand side of 
the equation may be written 



2 KHS0 4 + 2 MnS0 



4 



where y has to be determined. 

It is easy to see that y = 1, for only one atom of 
sulphur of the 5 S0 2 remains to be accounted for So far 
then we may write the eqxiation 



5 S0 2 + a,H a O = 2 KIIS0 4 + 2 MnS0 4 + H a S0 4 . 
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But on the right side of the equation we have four atoms 
of hydrogen, and in order that the left-hand side may have 
the same number we must make x = 2. The correct 
equation is, therefore 



2 KMn0 4 + 5 S0 2 + 2 H 2 = 2 KHSOi + 2 MnSO, + HJS0 4 . 

Violet Colourless* 

(in diluto solution) 

In the case of potassium chi ornate there is not enough 
sulphuric acid produced to convert all the potassium and 
chromium into sulphates, so that some free sulphuric acid 
must be added Heasomng in a similar manner to that 
adopted above the equation representing the reaction is 
found to be 

2 K a Cr0 4 + 3 S0 2 + 2 HaSOj = 2 K 2 S0 4 * + Ci 3 (S0 1 ) J + 2 H 2 0. 
Yellow " Gieen. 

227. Action of Sulphur Dioxide on lodme Eeversible 
actions Iodine is reduced to hydriodic acid by sulphur 
dioxide in the presence of water, but the reaction ceases 
when a small quantity of hydriodic acid has been produced, 
owing to the tendency of the latter to reduce sulphuric 
acid, i. e. for the reaction to proceed in the reverse direc- 
tion This is an example of a reversible action, the exact 
course of the reaction depending on the relative masses 
of the reacting substances (other conditions remaining the 
same). 

The direct reaction is thus represented 

I 2 + 2 H 2 + S0 2 - H 2 S0 4 + 2 HI, 
and the reverse reaction is, of course 

H 2 S0 4 + 2 HI = I 2 + 2 H 2 + S0 2 . 

To indicate that the change is reversible it is often 
expressed thus 



I 2 + 2 H 2 + S0 2 ^H 2 S0 4 + 2 HI. 
]vHS0 4 -wall bo produced if excess of sulphuric acid is added. 
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When the diiect and inverse reactions are proceeding at 
the same rate no further change will appaiently take place, 
though there is no reason for supposing that the reactions 
cease altogether , they meiely continue at equal rates, sonie 
molecules of iodine being reduced, whilst some molecules 
of hyduodic acid are oxidised 

Exp 156 Libeiatu iodine from potassium iodide by adding a few 
dnq* ot eklonne water, BOW add an aqueous solution of sulphur 
dioxide, and the blown colour of the iodine \\ill disappear. 

228 Composition of Sulphur Dioxide This may be 

determined by syn- 
thesis By means 
ot the arrangement 
shown (Fig 58), a 
fuigment of sulphur 
may be burnt in 
oxygen The sul- 
phur is fused on to 
thin platinum wire, 
and ignited by pass- 
ing an electric cur- 
rent along the wire, 
by which the wire 
is heated. The ap- 
paratus and the 
oxygen used in the 
experiment must be 
fiee fiorn moi&ture. 
The gas in the globe 
at first expands 
Giving to the heat 
of combustion, and 
forces the mercury up the further limb, but on cooling 
it returns to its oiigmal volume It is seen therefore, 
that during the combination of sulphur and oxygen 
to form sulphur dioxide no alteration in volume occurs, 
that is to say, sulphur dioxide contains its own volume 
f oujyen It follows then from Avogadro's hypothesis 




FIG 58. 
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that one molecule of sulphur dioxide must contain 
one molecule of oxygen. Fuithei, since the molecular 
weight of the gas as found from its density is 64, the 
composition, deduced by a method similar to that used for 
sulphuretted hydrogen (see 221), must be repie&ented by 
the formula S0 2 . 

229. Sulphurous Acid and Sulphites We have seen 
that sulphur dioxide dissolves readily m water, forming an 
acid, H 2 B0 3 This acid has never been isolated from its 
dilute aqueous solution, any attempt to concentrate the 
solution re&ultmg in decomposition \vith loss of sulphur 
dioxide. Sulphurous acid contains two atoms of hydrogen 
in its molecule, both of which are replaceable by metals ; 
it is, therefore, a dibasic acid (see 87), and gives rise 
to two series of salts called sulphites The first series in 
which both atoms of hydrogen aie replaced are the normal 
sulphites, e. g. Na 2 S0 3 , K 2 S0 3 , CaS0 3 ; the second series in 
which only one hydrogen atom is replaced are the acid 
sulphites, e g. NaHS0 8 , KHS0 3 , CaI-I 2 (S0 3 ) 2 NaHS0 3 is 
called by three different names, viz acid sodmm sulphite, 
sochuin hydrogen sulphite, and bisulphite of soda, the 
second regaids sulphurous acid as a hydrogen salt, the 
third is a popular name which has no scientific basis, 

The sulphites of the alkali metals may be prepared by 
passing sulphur dioxide into solutions of the corresponding 
hydroxides or carbonates. 

Exp 157 Take 50 c.c. of a solution of caustic soda, and pass 
sulphur dioxido into it till it is satmated with the gas. On allowing 
the solution to evapoiate at oulmary tompeiatmes (it decomposes 
when heated), or on adding alcohol to it, the acid salt, sodmm 
hydiogen sulphite, sepaiates out 

NaOH + S0 2 = NaHS0 3 . 

If we add a second 50 c.c of the same solution of caustic soda we 
shall then obtain on evapoiation or treatment with alcohol the 710? nial 
salt . 



NaOH + KTaHS0 3 = Na 2 SCK + H 2 0. 
In a similar way, substituting caustic potash for caustic 
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soda, the sulphites of potash may be prepared The 
normal sulphites of all metals excepting the alkali metals 
are insoluble in water 3 and may be obtained as precipitates 
by the addition of a soluble salt of the metal to a solution 
of an alkaline sulphite 

+ Na,S0 3 - CaSO, + 2 NaCl. 



Sulphites slowly take up oxygen from, the air, passing into 
sulphates, and all sulphites are decomposed by acids with 
evolution of S0 . 



SULPHUR TIIIOXIDE, S0 3 . 

230. This body occurs in small quantity with the sul- 
phur dioxide foinicd during the combustion of sulphur or 
iron pyiites. 

Preparation Sulphur dioxide and oxygen are passed 
over platinum sponge, obtained by igniting the double 
chloride of ammonium and platinum. The gases must be 
diy, and the platinum sponge gently heated, and theie 
then appear at the exit clen^e white fumes, which if passed 
into a cool dry receiver condense to white silky needles of 
sulphur trioxide. 

A. second method which is emplo} ed in the production 
of sulphur trioxide in large quantities is based on the 
decomposition of ferrous sulphate, FeS0 1 7 II ^0. This 
body, when heated, hrst loses most of its water of crystal- 
lisation. The partially dehydrated salt more strongly 
heated is decomposed thus 

2 FeS0 4 = Ee 2 3 + S0 2 + S0 3 . 

The water which still remains attached to the salt, however, 
combines with some of the S0 3 forming H S0 4 , and 
this takes up another molecule of S0 3 forniing"H 2 S 2 O r 

H,0 + S0 3 = ll^SOa and H 2 S0 4 + S0 3 = F 2 S 2 7 . 



The acid thus produced is known as Nordhausen sulphuric 
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acid; it differs from ordinary sulphuric acid, in that it 
fumes when exposed to moist air, and is often teinied 
fuming sulphuric acid. This liquid, which condenses fiorn 
the distillation of partially dehydrated ferrous sulphate, 
when removed from the receiver and heated, yields the 
SO, which it has taken up, leaving behind sulphuric acid 

H 2 S 2 Or = H 2 S0 4 + S0 3 . 

By distilling with a poweiful dehydrating agent, such as 
phosphorus pentoxide, the elements of water may even be 
lemoved from sulphuric acid itself, and this affords a third 
method whereby SO 3 may be obtained 

P 2 5 + H 2 S0 4 = 2 HP0 3 + S0 3 . 

231* Properties of Sulphur Trioside. At ordinary tem- 
peratures sulphur trioxide forms white transparent needles, 
which melb at 15 C., and boil at 46 0, , at a red heat it 
breaks up into sulphur dioxide and oxygon. It combines 
vei y eagerly with water, evolving much heat, and in contact 
with water it gives a his&mg sound like that of the quench- 
ing of hot iron , sulphuric acid is thereby formed. It is of 
interest to add that sulphur trioxide enters into direct 
combination with certain metallic oxides^ with the produc- 
tion of the corresponding sulphates; for instance, when 
baryta, EaO, and sulphur trioxide are mixed they combine 
to form barium sulphate, BaS0 19 and so much heat is 
evolved that the mass becomes incandescent. 



SULPHURIC ACID, H 2 S0 4 . 

-232. Manufacture. We have seen that under certain 
circumstances sulphur dioxide combines with oxygen to 
form sulphur trioxide, and that this in piesence of water 
gives sulphuric acid. We have also seen that the oxida- 
tion of sulphurous acid to sulphuric acid takes place slowly 
when its aqueous solution is exposed to air at ordinary 
temperatures 

Such methods are, however, not suitable for the produc- 
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tion of large quantities* of sulplimic acid as an article of 
commerce. 

The oxidation of sulphurous acid is effectually performed 
by the intervention of the oxides of nitiogen, and on the 
laige scale sulphur dioxide, oxygen (supplied m the foini of 
air) and steam are brought together, and these in presence 
of oxides of nitrogen foim sulphuric acid 

The sulphur dwdde in works where a very pure acid is 
made is obtaiucd by burning brimstone, but in the very 
Luge majority of cases uon pyrites is used as the souice of 
the gas This is burnt in a sones of "kilns," and the heat 
arising from the combustion is sufficient to render the 
operation continuous, fresh charges being added from time 
to time 

2FeS 2 + ll = Fe 2 3 + 4S0 2 . 

The nitric acid from which the oxides of nitrogen are 
derived is prepared by the action of concentrated sulphuric 
acid on Chili saltpetre, NaNOg 

KiNO,j + II 2 SO A = NaHS0 4 + HN0 8 ; 

the acid fumes arc carried into the flues along which the 
sulphur dioxide, and air pass, and there intermingle with 
these gases. 

The air is drawn in through the pyrites burners or 
kilns, the draught being maintained by means of a 
chimney, and by adjustment of the doors of the kilns so 
as to admit the quantity of air winch experience has shown 
to be necessary. 

The steam is supplied from low pressure boilers, and 
introduced into the "chambers" in such a way as to 
become intimately associated with the other products. 

The reaction ending in the production of sulphuric acid 
does not take place under the circumstances veiy rapidly, 
and it is neces-ary to pi o vide for a lengthened period of 

* Over a mllion tons of oil of vitriol are produced in Gieat Britain 
elone m the conise of a ye$r. 
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contact between the various bodies winch take part in it. 
The gases arc led into a series of large chambeis where 
they meet with the steam These are usually three in 
number, and have a total capacity of 100,000 to 150,000 
cubic feet, the relation of the sulphur bui nl to the capacity 
of the chamber being such that the aveiage time occupied 
by the gas in travel sing the chambers is something like 
three hours The walls and floor of the chambers are 
constructed of sheet-lead supported on a wooden fiame- 
work, lead being a metal which is scarcely attacked at all 




FIG 59. 

by sulphuric acid of the strength produced in the chambers. 
The chambers are kept cool enough to serve as condensers, 
so that the acid collects on the floor, and is drawn off 
periodically. 

233, Laboratory representation of the Sulphuric Acid 
Manufacture The formation of sulplmnc acid may be 
represented in the laboiatory by taking a large fla&k (5 litres) 
and fitting it with a cork provided with five holes through 
which pass tubes delivering 
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(i) 

(2) 



Sulphur dioxide (for piepciidlion see 223), 
JSTitnc oxulo ( 203), 

(3) Steam, 

(4) Oxygen from a g upholder } 



while tlio fifth hole is piovided with a Lube opening into 
the air. The airang< inont is shown in Eig. 59. 

Pass some .sulphur dioxide, nitric oxide, stenm, and oxygen 
into the flask, then shut off the steam supply _, crystals of 
mtrosulphomc acid (lead chamber crystals) may bo seen to 
form. On clearing tho flask of red fumes by a cunent of 
oxygen, and then passing in more steam, these crystals will 
dissolve with the evolution of led fumes. After allowing 
the leaction to go 011 lor some minutes, the liquid condensed 
in the flask may be tested for sulphuric acid (&ee 2^7) 

23ir. The tlieory of the Sulphuric Acid Manufacture As 
-we have seen (g 225), sulphur dioxide under the action of 
air and moistuieis tiansformed into sulphuiic acid, but the 
change takes place very slowly, and the sulphuric acid 
obtained is extremely dilate. In pieseiico of certain sub- 
stances, notably the Ingher oxides of nitrogen as in the 
sulphuiic acid chambeis, the conversion is more rapid but 
much difference of opinion exiets as to the actual changes 
which take place, and even as to the piiticular oxides of 
nitrogen which take purb in the icaction. 

The older theory, originally suggested by Bor/elms, 
legards the nitric oxide (NO) as the body A\hich bungs 
about the formation of the sulphuric acid This it does 
by taking up oxygen from the air and forming nitrogen 
peroxide (NO 2 ), which in its turn oxidises the sulphur 
dioxide, and in presence of steam forms sulphuric acid, 
being itself reduced again to nitric oxide, the alternate 
oxidation and reduction going on indefinitely 



(1) NO* + SO 2 + H,O NO + H 2 SO,. 

(2) 2 NO +0 2 = 2 NO, 

It is however observed that if the chambers are insuffici- 
ently supplied with steam, white crystals (' lead chamber 
crystals ") are formed, consisting of nitrosul phonic acid* 
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S0 2 (OH)(N0 2 ). According to the above theory the foi motion 
of nitro&ulphomc acid is not essential to the process, and 
does not occur in chambeis working normally. 

The theory more i ecently pi oposed by Lunge, on the other 
hand, assumes nitrogen tnoxide * to be the true intermediary 
in the formation of sulphuric acid, and mtrosulphonic acid 
to be continually foimed in the chambers and decomposed 
again by the excess of steam according to the equations 

(3) 2 HN0 8 + 2 SO, + H 2 = 2 H 2 S0 4 + ST 2 3 

(4) N 2 0, +0 + 2 S0 2 + H,0 = 2 8O,(Ofl)( 

(5) 2 S0 2 (OH)pSr0 2 ) + H 2 (T = N 2 3 * + 2 H 2 S 



Under some conditions, and especially where the gases 
aie just enteung the chambers and sulphur dioxide is in 
Luge excess, it is, however, admitted thntnitiic oxide plays 
a pi eminent part. With this exception Lunge's theoiy is 
not inconsistent with the observations recoided in actual 
working on the large scale 

235. Properties of Sulphuric Acid, The pure concen- 
tiated acid is a thick oily liquid (sp. gr 1 84), from whence 
it derives the name, oil of vitriol. It boils at 338 C , with 
partial decomposition, so that wlien the acid containing 100 
per cent. H 2 S0 4 is distilled the residue becomes weaker, 
until it reaches a strength of about 98*5 per cent. H 2 S0 4 , 
at which it remains constant. 

It is highly corrosive, charring wood and many organic 
substances even at the oidmary temperature. This is 
lai gely owing to the great avidity with which it takes up 
water. Wood consists mainly of cellulo&e, a compound 
of carbon, hydrogen and oxygen in the proportions in 
which they are contained in water the acid therefore 
abstracts water, leaving a mass of carbon, 

The methods of pi eparation of two common gases, ethy- 
lene and carbon monoxide, depend upon this same property 
(see Chaps XXI, XXIII), as does also the employment of con- 
centrated sulphuric acid for drying gases When sulphuric 

* The theory holds if N a 3 be regarded as a mixture of N0 2 and NO 
(see 202). 
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acid and water aie mixed alaige amount of heat is evolved, 
again showing the gieat affinity they possess for one another , 
and at the same time there is a considerable diminution in 
volume. The conti action reaches a maximum, viz 8 
per cent of the sum of the volumes of acid and water, 
when the ratio oF acid to water coi responds to a hydrate of 
the foimula HjSO 4 2H 2 , this probably has a definite 
existence, 

When sulphuric acid vapour is heated to a temperature 
of about 450 C it is almost completely dissociated into 
water and sulphur trioxidej this is shown by the fact that 
tho vapour density is only half what it should be if the 
molecules consisted of H 2 S0 4 . 

The following considerations will show that the low 
value of the vapour density proves that dissociation has 
taken place. Since each molecule of sulphuric acid gives 
two molecules on dissociation, one of II 2 and one of S0 3 , it 
follows fiom Avogaclro's hypothesis that the volume of the 
dissociation products will be double the volume of the 
sulphuric acid from which they are deiived (on reduction 
to standard conditions). Consequently the vapour density 
will be half the theoietical value, which agrees with the 
experimental result stated above. 

When the mixture of water and sulphur trioxide obtained 
by heating sulphuric acid vapour has its temperature still 
further raised the sulphur trioxide bleaks up into sulphur 
dioxide and oxygen, Thus, when sulphuric acid is diopped 
on red-hot bricks it decomposes, as represented in the 
following equation 

2 H 2 30 4 = 2 H 2 O + 2 S0 2 + O 2 . 

This fact has been utilised as a means of manufacturing 
oxygen from sulphuric acid on the laige scale. 

Sulphuric acid is an oxidising agent, though a much 
weaker one than nitric acid, as we should expect from the 
smaller percentage of oxygen it contains and the very 
much higher tempeiature required to break it up with 
separation of free oxygen. Thus it is only when hot and 
concentrated that sulphuric acid exhibits oxidising pro- 
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vitriol^ because it was obtained by the distillation of green 
vitriol 

The sulphates are remarktible for their tendency to 
form well-defined crystalline double sulphates, e g. alum, 
A1 2 (S0 4 ) 3 - K 2 S0 4 - 24 H 2 0. 

Insoluble Sulphates may be obtained by mixing a solution 
of a soluble salt of the metal whose sulphate is required 
with a solution of a soluble sulphate, when double decom- 
position takes place with precipitation of the insoluble 
salt, The sulphates of lead, calcium, barium and strontium 
are insoluble or only slightly soluble in water, the rest 
being readily soluble. 

Sulphuric acid, like sulphurous acid, is a dibasic acid and 
forms two classes of sulphates, the normal sulphates such 
as Na 2 S0 4 , CaS0 4 , and the acid sulphates such as Na3TSO 41 
either one or the other being formed according to whether 
the base or the acid is in excess. 

Test for Sulphates. 

Exp, 158 Add barium chloride to a solution which contains either 
sulphunc acid or a sulphate m presence of hydiochloiic acid a white 
precipitate is foimed consisting of sulphate of baimm. This is the 
only common baimm salt which, is insoluble in water and acids, and 
the formation of the precipitate is therefoie chaiacteiistic, and may 
be taken as a sure indication of the presence of sulphunc acid either in 
the free state or in combination. 

238. Uses of Sulphuric Acid. Sulphuric acid is the most 
important of all the acids. It is very largely used m the 
manufacture of other acids, Bitch as nitric and hydrochloric 
acids, in the manufacture of salt-cake the first stage in 
the Leblanc process for the manufacture of washing-soda 
and in the conversion of normal calcmm phosphate, 
Ca 3 (P0 4 ) 2 , into the acid calcium phosphate, CaH 4 (PO 4 ) 2 ; the 
latter is much used for agricultural purposes as a fertiliser, 
because it is soluble in water, whereas the normal salt is 
insoluble and so cannot be assimilated by plants. As 
already mentioned, sulphuric acid is used in the laboratory 
for drying gases and for the preparation of such gases as 
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carbon monoxide and ethylene It is also largely employed 
in making storage cells or accumulators for the generation 
of electnc currents. 



TUIOSULPHUEIC ACID, H 2 S 2 8 . 

239. Free tlnosulplmnc acid may be obtained in dilute 
solution by the action of a mineral acid on a thiosulphtite, 
but it is veiy unstable, undergoing decomposition according 
to the equation- 

H/J/), = IT 2 + S0 2 + S. 

The thiosulpliates may be obtained by boiling solutions 
of sulphites with sulphur when direct combination takes 
place 

Na 2 S0 3 -h S = Na 2 S 2 O q . 

Sodium sulphite Sodium tluosulphate. 

The sodium salt is the most important ; it is generally 
incorrectly called " hyposulphite of soda " or merely 
"hypo." It is much used in photography on account of 
the power it possesses of dissolving the haloid salts of 
silver, a soluble double thiosulphate of silver and sodium 
being formed 

AgCl + Na 2 S 2 8 = EaOl + AgNaS 2 3 . 

Sodium silver tluosulphate. 

Sodium thiosulphate is also used to remove the last 
traces of chlorine from a fabric which has been bleached, 
such a substance being termed an anti-chlor. This action 
depends upon the ease with which it is oxidised to sodium 
sulphate 



+ H 2 + C] 2 = Na 2 S0 4 + 2 HC1 + S. 

Sodiuui sulphate 

Test for Thiosulphates.Thiosulphates in solution aie 
distinguished from sulphites by the fact that with dilute 
mineral acids they give off: sulphur dioxide and also form 
a precipitate of finely-divided sttfpJww 

Na 2 S 42 3 + 2 1101 = 2 N,iCt + S0 2 + S + H 2 CX 
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QUESTIONS CHAPTER XIX. 

1. Describe how sulphur dioxide is prepared on the 

laboratory scale and how ifc is collected. 

2. State the physical properties of sulphur dioxide. Wh.it 

volume of the gas will dissolve in 100 c c. of water at 
10 C. under normal pressure? 

3. Explain the bleaching action of sulphur dioxide, and 

show in what respects it differs from that of chlorine. 

4. What is the effect of passing chlorine into a solution 

of sulphur dioxide in water ? Give the equation. 

5. Express by equations the action of sulphur dioxide on 

solutions of (1) ferric sulphate, (2) potassium pei- 
manganate in the presence of sulphuric acid, (3) 
potassium chromate in the presence of sulphuric 
acid. 

6 Explain how the equation expressing a complex 
chemical change (e. g. the action of sulphur dioxide 
on potassium permanganate in the presence of sul- 
phuric acid) may be built up. 

7. What is meant by a reversible action ? Discuss an 

example, 

8. A little chlorine is passed into a solution of potassium 

iodide, and then afterwards sulphur dioxide is passed 
in; state the changes which take place and give 
equations representing them. 

9. " Sulphur dioxide contains its own volume of oxygen " 

Explain the meaning of this statement, and show 
how you would prove the truth of it by experiment 

10. Describe the preparation of the normal and acid 

sulphites of soda; what is the action of sulphuric 
acid on them 1 

1 1 . Under what circumstances does sulphur dioxide combine 

directly with oxygen ? 

12. What is the action of heat on FeS0 4 , 7 H 2 0] 

13. How may sulphur trioxide be obtained from (a) Nord- 

hausen sulphuric acid ; (5) ordinary sulphuric acid ? 
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14. Describe how sulphur dioxide becomes transformed 
into sulphuric acid on the laigo scale; give equations 

15 How Is sulphur dioxide obtained for the manufacture 

of sulphuric acid, and what means aie employed to 
ensure its being mixed with the pioper quantity 
of air? 

16 Discuss the action of heat on sulphuric acid. 

17. Compare the reactions between the metals, zinc, mer- 
cury and iron respectively, and (1) dilute sulphuric 
acid, (2) hot concentrated sulphuric acid 

18 What explanations of the action of Lot stiong sulphuric 

acid on copper have been suggested ? 

19 Write down the formulae of the normal sulphates of 

copper, potassium, lead, iron and aluminium. 

20. Give a method of testing for the presence of a soluble 

sulphate, and show how you would distinguish 
whether an aqueous solution contained 

(a) free sulphuric acid only, 

(6) a normal sulphate, 

(c) a mixture of the two. 

21. What are the chief uses of sulphuric acid 1 ? 

22. What is the conect name for " hyposulphite of soda"? 

How is this substance piepared, and what are its 
properties and uses 1 



CHAPTER XX 

PHOSPHORUS, 

240. Occurrence Phosphate of lime, Ca 3 (P0 4 ) 2 , the 
principal source of phosphorus, forms the essential con- 
stituent of the mineral apatite, and of bone-ash. The 
former occurs in the oldei formations of the earth's crust 
as 

Chlorapatifce, 3 Ca s (PO t ) 2 Ca01 2 ; 
and Fluorapatito, 3 Ca 3 (PO^ CaF 2 . 



Bone-ash is obtained by the dry distillation of bones. 

In small quantities phosphates are very widely dis- 
tributed; all fertile soils contain a small percentage, and 
they are always found in plants, being, like nitrogen, 
essential to plant-life. 

241. Manufacture of Phosphorus, The first step in the 
manufacture of phosphorus from bone-ash consists m 
treating it with sulphuric acid, wheicby a double de- 
composition takes place 

Oa^POJ, + 3 H 2 S0 4 - 3 CaS0 4 + 2 H 8 P0 4 . 

When the decomposition is complete, the product is 
filtered through cinders , the calcium sulphate remains on 
the filter, and the phosphoric acid passes through, 

279 
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The liquid is then concentrated, mixed >MMi ehaicoal, 
and fuitiier li wiled almost to chyness, the H a P0 4 losing 
water and being converted into IIP0 3 

H 3 P0 4 = IIP0 3 + H a O. 

Anally, the gnmular product is heated to full redness 
in day retorts placed hon/ontally in scuea over a fire, 
when the following reaction takes place 

2 I1PO, + 6 C = H 2 + G CO + 2 P. 




FIG. 60. 

Luted into the mouth of eacli retort is an iron pipe, bent 
at right angles and dipping into water,, the vapour of 
phosphorus is thus led into the water, and there condensed 
out of contact with air. The temperature of the water 
is high enough to koop the phosphoius in the liquid state, 
and it can be run off or ladled out from time to time. It 
is further refined by re-melting in water, and filtering 
through chamois leather or canvas to remove suspended 
matter, and then finally cast into 
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2. Properties of Phosphorus. The phosphorus so ob- 
tained is a yellowish, tianslucont, crystalline solid which 
can bo readily cut with a knife It has a specific gravity 
of 1 82, it melts at 43 , and boils at 269 C It is 
insoluble in water, but readily dissolves in bisulphide of 
carbon. 

When phosphorus is exposed to the air it slowly oxidises 
and emits white fumes (visible in the dark) consisting 
of a number of oxidation products, namely, phosphoious 
oxide (P 4 6 ), phosphorous acid (H 3 P0 3 ), phosphorus pent- 
oxide (P 4 10 ), phosphoric acid (H 3 P0 4 ), and hypophosphonc 
acid (H^P-Pe) At the same time the phosphorus becomes 
faintly luminous. The cause of this luminosity has not 
been established with certainty, but it is probably con- 
nected in some way with the presence of ozone ; this sub- 
stance (along with hydrogen peroxide) is always produced 
during the slow oxidation of phosphorus, and it has been 
found that in the piesence of bodies such as ether and 
turpentine, which destroy ozone, the luminosity ceases. At 
34 C phosphorus ignites in air and burns with great 
brilliancy, forming phosphorus pentoxide, P 4 10 . On 
account of the ease with which phosphorus undergoes 
oxidation it must be kept under water It should be 
mentioned that perfectly dry air (or oxygen) has no action 
on phosphorus 

Phosphorus combines also at ordinary temperatures 
with fluorine, chlorine, bromine, iodine and sulphui, and 
in the finely-divided condition with oxygen, with the 
evolution of light and heat 

Phosphorus may be obtained in two other allotropic 
modifications, red phosphorus, and the recently discovered 
scarlet phosphorus. 

243 Ked Phosphorus is, according to its method of 
preparation, a reddish-brown powder or a close-textured 
mass showing conchoidal fracture. This form is prepared 
on the large scale by heating ordinary phosphorus at 
250 0. in cast-iron pots to which air has only limited 
access, and removing the unconverted phosphorus which 
remains by boiling the finely-divided product with caustic 
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soda solution On a small scale in the laboratory it may 
readily "be obtained "by heating ordinary phosphorus in 
an atmosphere of nitrogen or carbon dioxide The amor- 
phous phosphorus differs veiy considerably in its properties 
1'rom that alieady desciibed It lias a higher specific 
gravity (2 24), and is insoluble in bisulphide of carbon 
It undergoes no change in air at oidmary temperatures, 
and may be fieely handled without danger; it combines 
with oxygen, the halogens, and sulphur at much higher 
temperatures than ordinary phosphorus. Unlike ordinal y 
phosphorus, it is not poisonous Bed phosphorus was 
iorineily called " amorphous " phosphorus, but it has 
iccently been shown to possess a crystalline structure 

Lucifer matches are tipped with a mixtuie of phosphoius 
and certain substances, such as lead dioxide and potassium 
nitrate, which readily part with oxygen ' ' Safety ' ' matches 
contain no phosphorus, being tipped with a mixture of 
antimony sulphide (Sb 2 S 3 ), the sulphur being the inflam- 
mable body, and potassium chlorate ; in this case the match 
is ignited by rubbing it on a prepared surface of red phos- 
phorus and powdered glass In either case the heat requi- 
site to promote chemical action and to ignite the phosphorus 
is geneiated by fuction on a rough suiface 

Scarlet Phosphorus This form of phosphorus which 
has been obtained recently is appaicntly an amorphous 
modification of the element, 
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244, Phosphorus forms three hydrides 

Gaseous phosphoretted hydrogen or phosphine PH 8 . 

Liquid phosphoretted hydrogen P 2 H 4 , 

Solid phosphoretted hydrogen P 4 H 2 . 

The only one of these compounds which we shall consider 
is the gaseous hydride PH 2 , the others being unimportant. 
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PHOSPHORUS TRIHYDRIDE, OR PHOSPHINB, PH 3 . 

245. Preparation This gas, which is the analogue of 
ammonia, is obtained by heating phosphorus in a flask with 
a solution of caustic soda. As obtained in this way it is 
mixed with small quantities of the liquid and solid hydi ides, 
which render it spontaneously inflammable in air; so, to 
prevent the gas taking fire in the flask, the air is, previous 
to heating, displaced from the apparatus by coal gas. The 
end of the delivery tube dips under water as shown in 
Fig. 61, and as each bubble of gas reaches the surface it 
inflames and produces a ring of white smoke (phosphorus 
pentoxide) 

The reaction which takes place is 



4 P + 3 NaOH + 3 H 2 = 3 NaH 2 PO 2 

Sodium 



PH. 



Phosphine is also formed, along with a considerable 
quantity of liquid phos- 
phoretted hydrogen, 
when phosphide of 
calcium (obtained by 
heating together lime 
and phosphorus in a 
closed crucible) is 
brought into contact 
with water. 

Pure phosphorus tri- 
hydride is prepared 
by warming phosphon- 
ium iodide, PH 4 I (see 
below), with caustic 
potash or soda, the 
reaction being analo- 
gous to that employed in the preparation of ammonia 




FIG. 61. 



PH I 



+ KaOH = PH 8 + JSTal + H 2 0. 
NH 3 + NaCl + H 2 0. 



The gas may be collected over water. 

246, Properties of PIL It ia a colourless ^as which 
condenses only when cooled to - 90 C It is very shghtfy 
soluble in water, and possesses a penetrating garho-hke 
odour which is evident even with very small quantities of 
the gas , it is very poisonous If free from other hydrides, 
ifc is not inflammable in air at ordinary temperatures 9 heat 
decomposes the gas into its elements more readily than the 
corresponding mfciogen compound, NH B . 

Just as ammonia combines directly with the haloid acids 
HC1, HUr, etc , to form ammonium chloride, ammonium 
bromide, etc, so phosphorus tnh} chicle forms similar com- 
pounds The combination with hychiodic acid to form 
phosphonium iodide 

PH 8 + III = PIIJ, 
takes place very readily. 
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247. A list of the oxides and oxy acids of phosphorus 
which aie known is given in the following table. 



Oxides. 


Corresponding Acids. 


P 3 (not known 
in free state) 

jow 

$; 


Hypophosphorous acid, HjF0 2 or 3 H 2 ' P a O. 

Phosphorous acid, H-PO, or 3 H 2 PoOj 
Hypophosphoric acid, H 4 P 2 () or 2 H^O P,j0 4 
Orthophosphonc acid, HoP0 4 or 3 H^O Pa0 5 . 
Pyrophosphoric acid, H 4 P 2 7 or 2 HaO P 2 5 . 
Metaphosphonc acid, HPOg or H 2 P 2 5 



The more important are phosphorous oxide, P 4 6 , and 
phosphorus pentoxide, P 2 5 , and the acids derived from 
them, and we shall restuct ourselves to a study of these 
compounds. 
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Pnospiionous OXIDE, P 4 6 . 

248. Preparation. Phosphorous oxide is obtained mixed 
wich phosphorus pent oxide when phosphorus is exposed to 
oxidation in air at ordinary temperature, or when it is 
burnt in a limited supply of air. Its preparation is earned 
out in the following manner 

A glass tube is drawn out into the shape shown at A, 
Fig. 62, and some pieces of phosphorus are introduced into 
it. This tube is connected with a metal condenser D, the 
inner tube of which is provided with a plug of glass wool 
at the end away from A \ the space between the two tubes 
of the condenser is filled with water. The condenser is 



To Aspirator 








FIG. 62. 



attached to a U-tubo G connected at its lower end with a 
bottle E, as shown in the diagram ; the U~tube and bottle 
are surrounded by a freezing mixture of ice and salt. The 
tube A is gently heated and a current of air is drawn 
through the apparatus by means of an aspirator attached 
to the U-tube, The phosphorus melts, but is prevented 
from running out by the shape of the tube ; it burns in the 
current of air and a mixture of P 4 6 and P 2 5 passes over 
into D, where it condenses. After some time the condenser 
is heated till the temperature of the water rises to 50 C. 
as indicated by the thermomoter 3 T. This temperature is 
suliicient to melt the phosphorous oxide which passes over 
into the U-tube, where it solidifies, but the phosphorus 
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pentoxide remains solid and the plug of glass wool keeps it 
back in D. Occasionally the freezing mixture is removed 
from the U-tube and bottle, and the U-tube is gently 
warmed, when the P 4 O 6 melts and runs down into bottle/ 

249. Properties Phosphorous oxide is a white crystalline 
solid, melting at 22 5 C. to a colourless liquid It is slowly 
dissolved by cold water with formation of phosphorous 
acid, H 3 P0 3 , and is therefore the anhydride of this acid 

P 4 6 + 6 H 2 = 4 H 3 P0 3 . 

With hot water, however, a violent reaction takes place 
with formation of red phosphorus, phosphides of hydrogen 
and phosphoric acid On exposure to moist air or oxygen 
it oxidises to phosphorus pentoxide, and if the temperature 
is slightly raised it takes lire 

The vapour density of phosphorous oxide is 110, and 
consequently its molecular weight is 2 x 110 = 220. This 
corresponds to a formula P 4 fi for the gaseous molecule 
(P 4 = 4 x 31 = 124, G = 6 x 16 = 96, and 124 + 96 = 220). 



PHOSPHOROUS ACID, H 3 P0 3 

250. Preparation. This acid may be obtained, as already 
stated, by the action of cold water on phosphorous oxide. It 
is prepared by the action of water on phosphorus tri- 
chloride 

PC1 3 + 3 H 2 O = H 3 P0 3 + 3 HOL 

It is not necessary to actually prepare the trichloride, 
and the most convenient course of procedure is to 
pass chlorine into phosphorus melted under a layer of 
water. A solution of phosphorous acid is thus obtained, 
and on concentrating and allowing to cool, crystals of the 
acid separate out. 

251. Properties. Phosphorous acid is a white, deliques- 
cent crystalline solid, melting at 70 C Only two of the 
three hydrogen atoms in the molecule of phosphorous acid 
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Exp. 159 Introduce a few pieces (say 10 grammes) of 
phosphorus into a large retort, and pour upon it 150 c.c. of 
a mixture of one part of nitric acid to two parts of water 
IJeat cautiously, and piesently red fumes of oxides of 
nitrogen will be evolved by the reduction of the nitric 
acid 

4 P + 10 HNO 3 + H 2 O = 4 H 3 P0 4 + 5 NO + 5 N0 2 . 

Continue the heating in such a manner as to keep the 
liquid about its boiling-point, but so that as little as 
possible distils over. When the phosphorus has all dis- 
appeared, and red fumes are no longer generated, distil the 
acid over until that remaining has a syrupy consistency , 
more red fumes will be evolved at this stage through the 
oxidation of some phosphorous acid. Finally, transfer the 
thick liquid to a porcelain dish and evaporate so long as 
strongly acid fumes (HN0 3 ) are given off 

As trichloride of phosphorus when treated with excess of 
water yields phosphorous acid, so the pentacliloride, by 
similar treatment, gives ordinary phosphoric acid 

PC1 5 + 4 H 2 O = H 3 PO 4 + 5 HC1 

The acid, when sufficiently concentrated, crystallises on 
standing. 

255. Properties. Phosphoric acid is a colourless deli- 
quescent crystalline solid, melting at 41-7 C., the crystals 
consist of hard rhombic prisms. It is a tribasic acid, each 
of the atoms of hydrogen being replaceable by a metal. 

256. The Phosphates The phosphates of the alkali 
metals sodium, potassium and of ammonium are soluble in 
water, and are obtained by the addition of the alkaline 
hydrates to phosphoric acid. The amount of the alkali 
added may be sufficient to replace one, two, or three atoms 
of the hydrogen, thus 

M. CHEM. a 
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NaOH + H 3 PO 4 = NaH 2 PO 4 + H 2 0. 

AC\ QR Sodruiu dihydrogen 

* U J0 phosphate 

2 NiOH + H 3 PO 4 = Na 2 HP0 4 + 2 H 2 O. 

gQ qg Disodium hydrogen 

phosphate 

3 NaOH + H 3 PO 4 = Na 3 P0 4 + 3 H 2 O. 

1 90 Q8 Normal sodium 

IZU y phosphate 

Tho numbers underneath show the combining proportions 
of caustic soda and phosphoric acid required to form such 
salts. That Is to say, if to 98 grammes of phosphoric acid 
there be added 40 gi aiumes of caustic soda and the solution 
evaporated the salt NaH P0 4 will be obtained; if 80 
grammes, then the salt formed will be Na 2 HP0 4 , and if 
120 grammes, the salt Na^PO^ will be formed 

Na 8 P0 4 is an example of a normal salt which is not 
neutral in its reaction with litmus but alkahne. 

NaH 2 P0 4 , Sodium diliydrogen phosphate acid reaction. 

Na 2 HP0 4 , Disodium hydrogen phosphate slightly alka- 
line. 

Na 3 P0 4 , Normal sodium phosphate distinctly alkaline. 

The salt ordinarily known as " sodium phosphate " is 
NaJEEPO^ It is prepaiecl by adding caustic soda solution 
to phosphoric acid till the liquid is distinctly alkaline 
and crystallising tho salt Ciystals of the composition 
Na^HP0 4 + 12H 2 sepciiate out 

The normal phosphates of the alkaline earth metals (Ba, 
Sr, Ca) and of Mg, Pb, Ag, and indeed of all other metals, 
are insoluble in water, but soluble in dilute mineral acids. 
They may be prepared by adding a soluble salt of the metal 
in question to an aqueous solution of an alkaline phosphate 

2 Na 3 P0 4 + 3 CaOL - Ca 3 (PO 4 ) 2 + 6 NaCl. 
+ 3 AgN0 8 = Ag 3 P0 4 -f 3 



257. Tests for Phosphates. (1) Ferric chloride gives, 
even in presence of acetic acid, a yellowish-white precipitate 
of ferric phosphate (Arsenates give a similar precipitate ) 

(2) Silver nitrate gives a pale yellow precipitate of silver 
phosphate (Arseuates give a trick-red precipitate ) 
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(3) Excess of ammonium molybdate in the presence of 
nitric acid gives a bright yellow precipitate of phospho- 
molybdate of ammonium even in the cold, but more rapidly 
on warming. (The arsenates give a similar precipitate only 
on warming ) 

(4) The presence of phosphorus may always be detected 
by heating a little of the powdered substance along with 
magnesium filings in a narrow tube and then moistening 
the product with water. Phosphoretted hydrogen is given 
off, and may be recognised by its characteristic odour. 

258. Pyrophosphoric Acid, H 4 P 2 0,p is obtained as a 
glassy mass by heating ordinary phosphoric acid to 215 C. 

2 H 3 P0 4 = H 4 P 2 7 + H 2 0. 

It is readily soluble in water and in solution is slowly 
converted into orthophosphonc acid at the ordinary tem- 
perature, rapidly on boiling 

H 4 P 2 7 + H 2 - 2 H 3 PO 4 . 

As with the phosphates, the salts of the alkali metals are 
soluble in. water, those of the other metals being insoluble 
in water but soluble in dilute mineral acids. 

Tests for Pyrophosphates. - (1) Silver nitrate gives a 
white precipitate of Ag 4 P 2 O r (distinction fiom phosphates), 

(2) Pyrophosphoric acid does not coagulate albumen 
(distinction from metaphosphoric acid) 

259. Metaphospliorie Acid, HP0 3 , is obtained when 
ortho- or pyrophosphoric acid or their ammonium salts are 
strongly heated 

H 8 P0 4 = HPO S + H 2 0. 

It is a glassy solid (whence the name glacial phosphoric 
add by which it is also known) and closely resembles pyro- 
phosphoric acid in appearance. It is readily soluble in 
water, and in solution passes slowly into orthophosphoiic 
acid ; on heating the change takes place rapidly 

HP0 3 + H 8 = H 3 PO 4 . 
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The salts of HP0 3 resemble those of H 3 P0 4 and H^O,, 
as regai ds their solubility in water and acids. 

Tests for Metaphosphates. (1) Silver nitrate gives 
white precipitate of AgPO 3 (distinction for phosphates). 

(2) Metaphosphoric acid coagulates albumen (distinction 
from oitho- and pyrophosphouc acids) 



COMPOUNDS OP PHOSPHORUS WITH THE HALOGENS. 

260. By direct union of phosphorus with these elements, 
bodies of the type PX 8 and PX 5 are formed, and by the 
action of moisture on PCl^ and PBr 5 , the oxychlonde 
POClg, and oxybromide POBr 3 , respectively, are obtained. 

We shall only consider the compounds P01 3 and PC1 5 in 
detail ; the corresponding compounds of the other halogens 
closely resemble them in properties. 



PHOSPHOEUS TRICHLORIDE, PC1 8 

261 Preparation This compound is prepared by pass- 
ing dry chlorine over red phosphorus heated in a glass 
retoitj the trichloride distils over and is collected in a 
receiver cooled by water 

Properties. Phosphorus trichloride is a colourless mobile 
liquid boiling at 76 C. It is decomposed by water with 
formation of phosphorous and hydrochloric acids 

PC1 3 + 3 H 2 O = H 3 PO 3 + 3 HC1 

It combines directly with chlorine to form phosphorus 
pentachloride, and on heating unites with oxygen, fonning 
phosphorus oxychloiide, POC1 3 

PC1 3 + G1 2 = PCl r . 
2 PC1 3 + O 2 = 2 POC1 3 . 
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PHOSPHORUS PISNTACHLORIDE, PC1 5 . 

262. Preparation Phosphoius pcntacliloride is pre- 
paied by passing chlorine into phosphorus trichloude 
contained in a flask, using a wide delivery tube, so that the 
end will not be stopped up by the solid pentachloride 

Properties The pentachloiide is a light yellow solid, 
which passes directly into vapour at 168 0., without melt- 
ing, undergoing partial decomposition into PC1 3 and C1 2 . 
"VVifch a small quantity of water phosphorus pentachloride 
yields phosphorus oxychloride 

PC1 5 + H 2 O = POC1 3 + 2 HOI; 
but with excess of water phosphoric acid is formed 

POC1 3 + 3 H 2 = PO(OH) 3 + 3 HOI ; 
or, writing both stages in one equation 

PC1 5 + 4 H 2 = PO(OH) 3 + 5 HC1. 

The greater attraction which phosphorus has for oxygen 
than for chlorine renders both PC1 3 and P01 5 valuable re- 
agents for substituting chlorine for oxygen or hydroxyl, in 
the latter case with elimination of HC1 > they are much used 
for this purpose in dealing with carbon compounds. Ex- 
amples of such actions are given in the following equations : 

S0 3 + PC1 3 = POC1 3 + SO 2 



S0 2 


+ PCJ 5 = 


POC1 3 


+ S001 2 . 




/OH 
S 2 \ H 


+ PC1 5 = 


POC1 3 


/OH 
+ S0 2 < + 
N 01 


HC1. 


/OH 






/Cl 




SO/ 
X 01 


+ PC1 5 = 


POC1 3 


+ S0 2 < + 

Na 


HC1, 


C 2 H 5 OH 

Eth>l alcohol 


+ rci 5 = 


POC1 3 


+ c 2 H 6 - a + 

Eth} 1 chloride 


HC1. 


2 H 3 O OH 


+ PC1 5 = 


POC1 3 


+ 2 H 3 O 01 + 


HC1. 


Acetic acid. 






Acetyl chloride 




CH S CHO 

Aldebjde 


+ PC1 3 = 


POC1 8 


+ CH 8 CHC1 2 . 

Ethyhdene cMonde, 
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QUESTIONS CHAPTER XX. 

1 What is the effect of heating chlorapatite and fluora- 

patite respectively with concentrated sulphuric acid ? 

2 How is phosphorus extracted from phosphoric acid 1 

3. Discuss the nature of the changes which take place 
when phosphorus undergoes slow oxidation in air. 

4 Write down in parallel columns the physical properties 
of ordinary and red phosphorus. 

5. What differences are there in chemical behaviour be- 

tween ordinary and red phosphorus 1 

6. Why does a match ignite when rubbed on a rough 

surface? What chemical action takes place during 
the ignition *? 

7. To what is the spontaneous ignition of phosphorus 

trihydride due, and how may the hydride be prepared 
so as not to ignite spontaneously 1 

8 Express by equations the action of phosphorus on 
chlorine, iodine, caustic potash and nitric acid. 

9. Compare the trihydride of phosphorus with the tri- 
hydride of nitrogen. 

10. How is phosphorous oxide prepared, and how may it 

be converted into the pentoxide ? 

11. What is the action of (a) cold water, (6) hot water 

on phosphorous oxide ? 

12. How has it been proved that the formula for phosphor- 

ous oxide is P 4 G , not P 2 O 3 ? 

13 Describe the preparation and properties of phosphorous 
acid 

14. How may phosphorus pentoxide be obtained in quantity 

and converted into metaphosphoric acid and into 
phosphoric acid ' 

15. What is the action of water on the trichloride and on 

the pentachloride of phosphorus ? Give equations 

16. Describe in detail the preparation of phosphoric acid 

from phosphorus. 
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17 VVJiat is meant by saying that orthophobphoiic acid is 
a tribatic acid 2 Wute down tlio names and formulae 
of a few phosphates that are soluble in water 

18. By what chemical tests may phosphates be distin- 
guished from arsenafces and from pyi ophosphates 1 

19 How are mctapliosphonc and pyrophosphouc auds 

prepared and distinguished? 

20 Describe the preparation of the chlorides of phosphorus 

and of phosphorus oxychloride. 

21. 50 grammes of caustic soda are mixed with 61-25 
grammes of orthophosphoric acid What salt will be 
pioduccd and how much of it will be obtained 1 
(tfa - 23, - 16, II = 1, P = 31.) 



CHAPTER XXL 

CARBON AND THE HYDROCARBONS. 

CARBON. 

263 CARBON is the first member of a group consisting of 
theelements car boa, silicon, titanium, zirconium, and thorium, 
of which the first two members alone come under considera- 
tion amongst the non-metals They show a considerable 
resemblance to one another in their physical and chemical 
properties 

Comparing together more particularly carbon and silicon 
we observe that 

(1) The elements themselves are very infusible 

(2) They exist m allotropic modifications of similar 
character 

(3) They form oxides of great stability and also gaseous 
hydrides, OIL and SiH 4 , the former of these being a 
stable body, whilst the latter undergoes decomposition very 
readily, 

(4) Carbon and silicon both combine directly with 
fluorine to form CF 4 and SiF 4 respectively. With the 
other halogen elements they do not combine directly, but 
volatile liquid tetrachlorides, CC1 4 and SiCl 4 , are obtained 
indirectly 

264. Occurrence. Carbon is found in nature in a state of 
comparative purity as diamond and graphite, the latter 
known as mineral plumbago, from which black-lead pencils 

29G 
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are made Tlio.se 01 ins do nut, however, occur in any very 
consideiable quantity, and the sources from which the 
large supplies of carbon are obtained are coal and vegetable 
matter. 

The tissue of plants is very constant in composition, and 
disregarding the moisture and the mineral ash left after 
combustion, amounting usually to about 1 per cent., dried 
wood is found to consist of 

Carbon . ... 50 per cent. 

Hydrogen ... . . . 6 

Oxygen and nitrogen ... . . 44 

Where plants undergo decay and form thick accumula- 
tions of peatj the relative proportion of the carbon increases, 
and the following may be taken as the average composition 
of peat, leaving out of account moisture and mineral 
matter 

Carbon ... ... ... ... 58 per cent. 

Hydrogen 5 

Oxygen and nitrogen ... ... 37 ,, 

In deposits of peat and the remains of vegetation which 
have lam for long periods of time this process of parting 
with the more volatile constituents and consequent increase 
in the proportion of carbon goes on, and instead of peat 
we have a much denser product known as brown coal or 
hynite, in which the structure of the vegetation composing 
it can, however, still be observed. Lignite varies greatly 
in composition, especially in regard to the amount of 
moisture and ash. Excluding these, it contains on the 
average 

Carbon ... ... ... ... 66 per cent. 

Hydrogen ... .. . . 5 

Oxygen and nitrogen , . 29 

In the older formations of the earth's crust there are 
large deposits of coal, which have resulted from long- 
continued action similar to the foregoing. The seams of 
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coal usually occui at bunio depth, and aro overlaid by other 
strata. The vegetable tissue fiom which coal is derived 
has thus been subjected to immense pressure and to 
increased tempciature, arid under these agencies, acting 
over long periods of time, the changes already noticed in 
the passage fiom woody tissue to lignite have been still 
further accentuated Coal is darkei in colour, denser, and 
more buttle, as to composition, the following numbers 
may be compared with those given for wood, peat, and 
lignite 

Bituminous coal Anthracite. 

Caibon ..... . 84 per cent, 94 per cent. 

Hydrogen ..... 5 3 

Oxygen and nitrogen .,.11 3 

Over 200 million tons of coal are brought to the surface 
in the United Kingdom annually. 

In many localities, especially in South Russia and the 
United States, there are large deposits of petroleiwna> 
mixture of various oils, but all composed of carbon and 
hydrogen, and hence termed hydrocarbons. 

And when we add the very extensive series of carbon 
compounds which have been prepared in the laboiatory 
from coal and petroleum, and the products, such as starch, 
sugar, turpentine, albumen, stearin, etc., elaborated by 
plants and animals, we are in a position to appieciate the 
immense importance of the element carbon The study 
of such bodies is indeed set apart as a special branch of 
the science, and known as Organic Chemistry, or the 
Chemistry of the Carbon Compounds 

Finally, carbon occurs in combination with oxygen as 
carbon dioxide in the air, and in vast deposits of limestone 
and dolomite. The carbon dioxide in air, being less than 
4 volumes in 10,000, might be regarded as insignificant, 
but the mass of the atmosphere is such that at this 
computation there must be very nearly a billion tons of 
carbon m it. 
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265 Ailotiopic Forms of Caibon (1) Diamond is a 
ciystallme foim of carbon ; it is found in South Africa 
and Brazil, usually as octahedra or cubes, or as some 
modifications of these. Its value is duo to its gieat 
hardness and biilhancy of lustre, and to the fact that 
it does not oxidise or undergo change even in presence 
of corrosive substances It is the densest form of carbon, 
having a specific gravity of about 3*5, and is also the most 
difficult to ignite in oxygen. 

It is therefore not to be wondered at that the composi- 
tion of diamond remained unknown until the time of 
Lavoisier, although it had been previously observed that 
diamond could be burnt and left no appreciable residue. 
Lavoisier about a century ago, by means of a burning 
glass, ignited diamond in air enclosed over mercuiy, and 
found that when it burnt, the gas which was formed 
turned lime-water milky and was carbon dioxide. Dumas, 
later, showed that caibon dioxide was the only product 
obtained when diamond is burnt in oxygen, and that every 
12 parts by weight of diamond yielded 44 parts of carbon 
dioxide 3 according to the equation 

+ 2 = C0 2 . 
12 32 44 

Diamond consists, thoiefore (with the exception of a 
minute quantity of ash), of pure carbon 

Moissan has recently succeeded in preparing small 
diamonds artificially from charcoal by moans of the electric 
fuinace. Iron and carbon are placed in a crucible which 
is then introduced into an electric furnace and raised to 
a high temperature. The iron melts and dissolves the car- 
bon ; on now placing the crucible in a bath of molten lead 
the outer layer of iron solidifies, contracts, and in so doing 
exerts great pressure on the still liquid metal inside 
Under these conditions some of the carbon crystallises 
out in the form of diamond The iron is dissolved in 
hydrochloric acid, and the residue is found to contain 
small diamonds, some of which are colourless, others are 
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black (called carbonado). A portion of the residue is also 
in the form of graphite 

(2) Graphite This also occurs naturally, being found 
usually in the older crystalline rocks Cast-iron contains 
plates of this form of carbon, which can be seen at a 
freshly-fiac tared surface, and masses of it accumulate at 
the base of blast furnaces. It is a soft, dark-grey sub- 
stance, with an almost metallic lustre, and possesses a 
much lower specific gravity (2 2) than diamond 

It is usually found massive, but occasionally in six- 
sided crystals. When rubbed on paper it leaves a black 
mark, and is therefore used m making lead pencils. It 
is (unlike diamond) a good conductor of heat and elec- 
tricity, and on the latter account is used in electrotyping. 
Graphite is very infusible, and on this account is largely 
used in the manufacture of " plumbago " crucibles. It is 
also used as a lubricant for machinery and for polishing 
gunpowder When strongly heated in oxygen graphite 
burns with formation of carbon dioxide; the ash which 
is left consists of silica, ferric oxide, and alumina. Graphite 
is oxidised when gently heated with a mixture of KC1CX, 
and HN0 3 , whilst diamond is unattackecl. 

Ai tificial grapliite is now manufactured by heating char- 
coal or coke with excess of iron in the electric furnace. 

(3) Amorphous carbon is familiar to us as charcoal, 
lamp-black, or animal charcoal, which, however, are usually 
more or less impure forms of carbon. 

266 Charcoal may be obtained by strongly heating 
wood or many other organic bodies in vessels fiom which 
aii- is excluded; or by the action of dehydrating sub- 
stances, such as strong sulphuric acid, on these bodies. 

Exp. 160 Heat a few pieces of wood in a hard glass tube over 
the flame of a Bun&en burner. Volatile vapours are at first given 
off and burn at the mouth of the tube ; when these are no longer 
to be seen, throw out the contents of the tube into water. The 
black charred product is wood charcoal. 

Exp 161. Make about 100 grammes of sugar into a thick syrup 
by dissolving it in a small quantity of hot water, and place it in a 
deep glass cylinder ; then pour in about 100 0.0. of concentrated 
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sulphuric acid Presently the liquid will blacken and froth con- 
siderably, and a mass of black charcoal much moio bulky than the 
sugar originally taken will be formed Wash this thoroughly with 
water till free from acid, and there remains carbon in a granular 

condition. 

Where wood is scarce, charcoal is prepared from it by 
distillation, as already mentioned , but where it is plentiful 
and waste is not important, the logs are arranged in heaps, 
covered with sods or earth to allow only a small supply of 
air, and then slowly burned 

267. Properties of Charcoal. The chemical composition 
and properties of charcoal yary considerably with the 
kind of wood used and the temperature at which it is 
chaired. When charred at a low temperature the charcoal 
is soft and light in colour, and it burns easily; it also 
contains a lower percentage of carbon than when chaired 
at a high temperature Thus a specimen of wood charred 
at a temperature of about 300 C contained 70 per 
cent of carbon and 4-5 per cent of hydrogen, while 
when charred at a full white heat it contained 96 per 
cent of carbon and 5 per cent, of hydrogen. 

Wood charcoal has a specific gravity of about 1 5 ; yet 
when dry it floats on water. This is explained when a 
piece of charcoal is placed on water under the receiver of 
an air pump : as the pump is worked, air escapes from the 
charcoal and it gradually sinks. The charcoal is porous, 
and the air contained in its pores reduces its apparent 
specific gravity to about 2, the specific giavity of air 
being only about 0013 (water = 1). 

Charcoal also absorbs other gases to a varying extent. 

Cocoa-nut charcoal, under favourable conditions, was 
found to absorb of 

Ammonia 172 times its volume. 

Hydrochloric acid ... 165 

Nitrous oxide ... 99 

Carbon dioxide ... 97 ,, 

On the other hand, charcoal only absorbs slightly more 
than its own volume of hydrogen. 
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Exp 162 Fill a test-tube with dry ammonia gas by displace- 
ment, and stand it over mercury in a trough. Heat a small piece 
of cliaicoal led hot in the crucible tongs, and plunge it, while still 
glowing, under the mercury , then allow it to use into the test- 
tube The mercury uses in the tube as the ammonia is rapidly 
absorbed by the charcoal. 

This property of charcoal is used in deodorising and 
disinfecting sewers and hospital wards. The charcoal not 
only absorbs gases and the effluvia evolved by putrefying 
matter, but also rapidly oxidises them by means of the 
oxygen already present in its pores : this oxygen is more 
active than ordinary gaseous oxygen, and is even capable 
of killing bacteria. 

Exp. 163 Mix a little finely-powdered wood charcoal with 
water, and pour the whole on to a filter paper in a funnel Pour 
some sulphuretted hydrogen water through the charcoal and test 
the filtrate by lead acetate solution No black precipitate of lead 
sulphide is formed, showing that the sulphuretted hydrogen has 
been oxidised by the oxygen absorbed in the charcoal. 

Charcoal also possesses the power of decolorising 
liquids ; for this purpose animal charcoal is more generally 
used (see 270). 

Charcoal bums in air without flame or smoke, unless it 
has been prepaicd at a low temperature and is therefore 
very impure ; in excess of air carbon dioxide (C0 2 ) is 
pioduced, but in a limited supply of air carbon monoxide 
(CO) is formed. 

268. Eeducing action of Charcoal. On account of the 
ease with which it combines with oxygen, charcoal (and 
other forms of amorphous carbon) acts as a strong reducing 
agent at high temperatures. 

We have already had an example of a gaseous reducing 
agent in hydrogen, which, owing to its affinity for oxygen, 
reduces many oxides to the metallic condition. Also in 
sulphurous acid or phosphorous acid we have instances of 
liquids as reducing agents, their activity being due to the 
ease with which they undoigo oxidation to sulphuric acid 
and phosphoric acid respectively. In carbon we have <i 
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solid reducing agent which finds very frequent employ- 
ment in operations conducted at high temperatures, the 
carbon under such conditions being oxidised to carbon 
mpnoxide or dioxide at the expense of the oxygen con- 
tained in the bodies with which it is mixed 

Thus, most metallurgical operations involving a reduction 
of oxides to the metal are carried out with the use of 
carbon in the form of coke or coal, which is oxidised to 
CO or C0 2 m the process 

Exp. 164. Make an intimate mixture of about a gramme of 
finely-powdered oxide of lead (litharge) with about one-tenth its 
weight of charcoal, and heat to redness in a hard glass tub$ or 
porcelain ciucible foi five minutes Now throw some of tlje powder 
into a mortar with a little water and rub it up, using pressure, 
with the pestle, and then wash away the charcoal by means of a 
stream of water. Pellets or plates of metallic lead will be 
obtained 

2 PbO f C = 2 Pb + G0 2 

Similarly, oxide of copper or bismuth may be reduced, 
and metallic copper or bismuth obtained from them. The 
reduction of iron ores s or oxide of zinc or tin, are examples 
of similar reductions carried out on the large scale 

269. Preparation of pure Charcoal Pure charcoal 
may be prepared by dehydrating pure cane-sugar as in 
Exp. 161 S and then heating it in a current of chlorine, 
when any hydrogen present is removed as hydrochloric 
acid. An alternative method is to heat the cane-sugar in 
a platinum crucible when water is driven off , the product 
is then treated with chlorine as before. 

270. Animal Charcoal, or Bone Black. Another kind 
of charcoal is made by heating bones in closed iron retorts. 
It is a very porous mixture of charcoal with the mineral 
constituents of the bones, chiefly calcium phosphate. It 
is used for decolorising raw sugar, as it has the property 
already referred to of removing many colouring matters 
from solution. 
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Exp. 165 Shake up with animal charcoal a hot solution of indigo 
or litmus for a few moments and then pour it on a filter , the filtrate 
will be colourless That the colouring matter is removed by the 
animal charcoal and not by the filter, may be shown by pom ing a 
similar solution, \vlnch had not been treated by animal charcoal, 
through a filter paper 

271, Lamp-black may be made by burning resin or tur- 
pentine, and bringing a cool surface, e.g the under-side of 
a porcelain basin filled with cold water, into the flame 
In this form, after treatment with chlorine, a particularly 
pure and finely-divided form of carbon is prepared 

Lamp-black is used in making paint and printers' ink. 

272. Gas-carbon and Coke Two forms of amorphous 
carbon are obtained by the destructive distillation"* of coal 
(see 285, 286), namely, gas-ccwion and coke The former 
is nearly pure carbon, but the latter contains all the non- 
volatile products present in the coal. Gas-carbon is very 
hard and has a specific gravity of 2 35, It is a good 
conductor of electricity, and is on this account used for 
making the carbon electrodes of arc lights 

273 In whatever form it occurs, carbon is infusible, but 
it volatilizes without fusion at the tenipeiatme of the 
electric furnace. It cannot be considered an element of 
^reat chemical activity, since at ordinary or moderate 
teinpciaturcs it does not combine directly with any of the 
elements except fluorine At hiLli temperate es, however, 
carbon does unite duectly with a considerable number of 
elements, eg oxygen, sulphur, hydrogen, nitiogen, iron 
and aluminium 

274. Proof that the Allotropic Modifications of Carbon 
all consist of the Same Element The best proof consists 
in showing that whichever allotropic modification is used, 
12 parts by weight of it on combustion in oxygen yield 
44 parts by weight of carbon dioxide We have already 
seen in 265 that Dumas adopted this method in the case 
of diamond. The experiment may be carried out in the 

* The process of destjuctive distillation consists in distilling a 
complex substance, such as wood or coal, out of contact with air. 
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following manner : A small quantity of any form of 
carbon (say graphite) is accurately weighed out in a 
poicelam "boat" C (Fig 64); this is then introduced 
into one end of a hard glass tube, the gi eater part of 
which is filled with granulated copper oxide. The tube is 
closed at each end with a one-holed rubber cork through 
which passes a short glass tube. The end of the tube at 
which the boat is placed is connected with a supply of dry 
oxygen, the other end with a series of bulbs containing 
strong caustic potash solution, These bulbs, together with 
a calcium chloride tube A (the object of which is explained 
in 213, where a similar experiment is described wibh 
sulphur), are weighed, before being placed in position The 
tube is now heated in a furnace j at first only the burners 
under the copper oxide are lighted, but when this becomes 
led-hot the heating is extended to the boat and a, slow 




CuO 



FIG 64. 

current of oxygen is passed through the tube The carbon 
burns to carbon dioxide, which passes on and is absorbed 
by the caustic potash. Any carbon monoxide which is at 
first formed owing to incomplete combustion is converted 
into carbon dioxide during its passage over the heated 
copper oxide When nothing remains in the boat but a 
trace of ash, and when bubbles of gas cease to be absorbed 
in the potash bulbs, the latter are disconnected and after 
cooling are reweighed (together with the calcium chloride 
tube) The increase in weight gives the weight of carbon 
Jioxide foirned The boat is also allowed to cool and is 
reweighed The difference between the final weight of the 
boat (which includes the weight of the ash) and the weight 
of the boat + graphite (previously determined) gives the 
actual weight of graphite burnt (i.e. the ash is allowed 
or) 

M. CIIEM. X 
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Let Wj - weight of boat + graphite. 

W 2 = weight of boat + ash. 
Then W a - W 9 = weight of graphite burnt. 

Also let Wg = weight of KOH bulbs 4- CaCl 2 tui>e 

before absorption, 
and W 4 = weight of KOH bulbs + CaCl 2 tube 

after absorption, 
Then W 4 - W 3 = weight of C0 2 formed. 

It will then be found that whatever form of carbon is 
used the ratio - .JLZ^P is equal to or . 



HYDKOCARBONS. 

275. These are compounds consisting of carbon and 
hydrogen alone. The direct combination of caibon and 
hydrogen in the laboratory can only be effected with 
difficulty (marsh gas, CH 4 , and acetylene, C 2 H 2 , being 
formed), and yet the number of known hydrocarbons is 
exceedingly great 

They vary in physical and chemical character according 
ro their composition, and according to the arrangement 
of the ultimate particles of carbon and hydrogen of which 
they are composed. Hydrocai bons containing a small 
number of atoms of carbon and hydiogen are usually 
gaseous, such as marsh gas, OH 4 , ethylene or olefiant gas, 
C 2 H 43 acetylene, 2 H 2 , and those whose composition is 
more complex are at ordinary temperatures liquid, such as 
pcntane, C 5 H 12 , benzene, C G H G , oil of turpentine, C 10 H 1G ; 
or solid, such as naphthalene, C 10 H S , anthracene, U H 10 

The hydrocaibons may be arranged m series in accord- 
ance with the relative numbers of atoms of carbon and 
hydrogen which they contain 

(1) The Marsh Gas Series (or Paraffins), the first member 
of which is marsh gas, CH 4 , and succeeding members, C 2 H 6 , 
C 3 H S , and so on, the general expression for the relation of 
wbon to hydrogen being O n H 2n+2 . 
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(2) The Ethylene Series (or defines), tlie first member 
of which is ethylene, C 2 H 4 , and succeeding members, C 3 H 6 , 
C 4 H g , and so on, the general expression for the relation of 
carbon to hydrogen being C n H 2n . 

(3) The Acetylene Series , the first member of which is 
acetylene, C 2 H 2 , and succeeding members, C 3 H 4 , C 4 H G , and 
so on, the general expression for the relation of carbon to 
hydrogen being C n H 2n _ 2 

(4) Hydrocarbons having the general formula C n H 2n _ 4 and 
C n H 2n _ G , and others having still smaller proportions of 
hydrogen, are known, a familiar example of the C n H 2n _ 6 
series being benzene, 6 H G , the first member of this series. 

At this stage we shall only take into consideration the 
three hydrocarbons, marsh gas, ethylene, and acetylene. 



MARSH GAS OR METHANE, CH 4 . 

276, Occurrence. This gas is so called because it is fre- 
quently generated in marshes or pools where vegetable 
matter is in course of decay, The "blowers" in coal- 
mines discharge large quantities of this gas, which from 
its inflammable nature is termed " fire-damp," and it is 
also formed in the destructive distillation of wood or coal, 
coal gas containing usually about 35 per cent of marsh gas. 

277. Preparation. When charcoal is heated in an atmo- 
sphere of hydrogen to a temperature of 1,200 C a certain 
amount of chemical combination takes place, with forma- 
tion of marsh gas 

It is also produced, together with acetylene, when electric 
sparks are passed between carbon poles m an atmosphere 
of hydrogen 

Marsh gas is prepared by strongly heating a mixture of 
anhydrous sodium acetate and dry soda-lime (lime which 
has been slaked by the addition of caustic soda solution) 



CH 3 CO 2 Na + NaOH = Na 2 C0 3 + CH 4 . 

Sodium acetate. 
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Exp 166. Weigh out about 10 grammes of anhydrous sodium 
acetate and 30 grammes of soda-lime; intimately mix thorn in a 
mortar and dry by gently heating in a porcelain dish lutiocluce 
the mixture into a small haid glass flask provided with a cork and 
delivery tube, and heat stiongly Collect the gas which is evolved 
over water at the pneumatic tiough, 

As thus prepared marsh gas is by no means pure ; it is 
contaminated with ethylene, C 2 H 4 , and hydrogen The 
former may be removed to a large extent by passing the 
gas through a wash-bottle containing strong sulphuric acid. 

Pure marsh, gas may be obtained by the action of nascent 
hydiogcn on methyl iodide, CH 3 I. 

CH 3 1 + 2 H = CH 4 + HI. 

Nascent 

The methyl iodide is dissolved in a mixture of alcohol and 
water and zinc-copper couple added. The two last react 
witli formation of hydrogen which then reduces the methyl 
iodide. The presence of alcohol is necessary because methyl 
iodide is insoluble in pure water. 

278. Propeities. Marsh gas or methane is a colourless 
and odourless gas, which at C. is condensed to the liquid 
form under a piessure of 140 atmospheres. It is only 
slightly soluble in water, 100 volumes of which at C. 
dissolve 5 5 volumes of the gas. It burns with a pale blue 
non-luminous flame, forming caibon dioxide and water 
vapour 

CH 4 + 2 2 = C0 2 + 2 H 2 0. 

With oxygen or air within certain limits it forms an 
explosive mixture, and the explosions occurring in coal- 
mines are usually due to the firing of such a mixture. 
With the halogen elements * it forms compounds in which 
part or even the whole of the hydrogen is replaced atom 

* Iodine does not act directly on marsh gas except in the presence 
of a substance such as lodic acid, which destroys the HI as soon as 
it is formed, and so pi events it from exercising a reducing action 
on the substitution product foimed, with rc-forniation of CH 4 . 
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for atom by these elements , ibis process is known a- 
substitution, and tbe compounds produced are called sub- 
stitution products as abeady mentioned in 134. Tbus 
when equal volumes of chlorine and marsh gas are mixed 
in diffused daylight, they gradually react with formation of 
methyl chloride, CH 3 C1, and hydrochloric acid 

OH 4 + C1 2 = CH 3 C1 + HC1. 

If more chlorine is present it gradually replaces the 
remaining hydrogen till finally the whole of the hydiogen 
is removed. The equations expressing the reactions which 
take place are as follows 



CH 3 01 

CH 2 G1 2 - 
CHC1 3 - 


4- C1 2 - CH 2 C1 2 -t 

Methyl ene 
chloride 

f C1 2 = CHC1 3 + 

Chloroform 

4- C1. 2 = CC1 4 4 

Caibon 
tetrachlonde. 


- HC1, 

- nci. 

- HOI. 



On mixing chlorine and marsh gas in direct sunlight an 
explosion occuis with separation of carbon 

CH 4 + 2 C1 2 = + 4 HOI. 

279. Composition of Marsh Gas. This may be deter- 
mined by exploding a known volume (say 30 c c.) with an 
excess of oxygen (120 c.c.) in a eudiometer; the carbon 
and hydrogen unite with oxygen to form carbon dioxide 
and water vapour respectively. No diminution in volume 
will occur if the experiment be pei formed at 100 C , that is, 
so long as the water remains in the form of vapour ; but 
when the water condenses, a diminution of 60 c c. will be 
lecorded. Carbon dioxide and the excess of oxygen re- 
main, and the amount of the former may be found by 
absorbing it with caustic potash , this will give a reduction 
of 30 c c , the oxygen excess being 60 c.c. Expressing this 
shoitly we have 

2 vols. marsh gas + 8 vols. oxygen = 4 vols. water 
vapour + 2 vols. carbon dioxide + 4 vols. oxygen 



BIO 
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Now water vapour contains its own volume of hydiogen, 
and two volumes of marsh gas therefore consist of four 
volumes of hydrogen, and that amount of carbon which 
is contained in two volumes of carbon dioxide, i?e. 
one atom This would give us the composition OH 4 . 

We find, by weighing, that the density of marsh gas as 
compared with hydrogen is 8, so that its molecular weight 
must be 16 : this agrees with the formula CH 4 , for 0=12, 
H 4 = 4 x 1, and 12 + 4 = 16. 




Fig. 65. 



ETHTLBNE OR OLBFIANT GAS, C 2 H 4 . 

280. This gas occurs as one of the products of the de 
structive distillation of coal, and the luminosity of the coal 
gas flame is largely owing to its presence. 

Preparation. Ethylene is prepared by heating a mixture 
of alcohol, C 2 H 5 OH, and excess of sulphuric acid. Alcohol 
behaves towards sulphuric acid just like caustic potash 
does, i. e. it forms a salt with elimination of water* 
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K-OH + H 2 S0 4 = KHSO 4 + H 2 O 

C 2 H 5 -OH + H 2 S0 4 = 2 H 5 HS0 4 + H 2 0. 

Ethyl hydrogen sulphate. 

The group of elements 2 H 5 is called ethyl, and plays 
the part of a metal. 

When ethyl hydrogen sulphate is heated, however, it 
decomposes with formation of ethylene and sulphuric acid 

2 H 5 HS0 4 = 2 H 4 + Hj,S0 4 . 

The last two equations represent, therefore, the two 
stages of the reaction which takes place in the preparation 
of ethylene. 

Exp. 167. Mix together 200 c.c. of sulphuric acid and 
50 c.c. of water, and cautiously add 50 cc of alcohol. 
Pour into a wide-mouthed flask of about a litre capacity, 
fitted with a cork through which pass (1) a rather wide de- 
livery tube, (2) a thermometer, (3) a tap funnel (see Fig 65) 
Heat the liquid on a sand-bath until the temperature 
rises to 165 C. and keep a $ near this as possible. If the 
alcohol is impure a good deal of frothing occurs, which is, 
however, less troublesome if sand has been introduced into 
the flask. The gas should be passed through wash-bottles 
containing a solution of caustic soda to absorb carbon 
dioxide and sulphur dioxide, and collected over water, but 
the first three or four cylinders of it should be rejected, 
as they contain a very explosive mixture of ethylene and 
the air displaced from the flask and wash-bottles. 

Syrupy phosphoric acid of such a concentration that it 
boils at 200 C. may with advantage be substituted for 
sulphuric acid. When this is used the frothing and 
charring are avoided, and, CO 2 and S0 2 being absent, the 
washing of the gas may be dispensed with. 

281 Properties Ethylene is a colourless gas which is 
freely soluble in alcohol, but only slightly soluble in 
water, 100 volumes of water dissolving about 25 6 volumes 
of the gas at 0C. It is more easily condensed to the 
liquid form than marsh gas, requiring a pressure of 
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43 atmospheres at C. ; the liquid boils at - 103 0. 
under normal pressure. The gas burns with a luminous 
flame, which is smoky unless it is diluted with hydrogen, 
or maish gas It combines directly with chlorine to forra 
an oily liquid, 2 H 4 C1 2 , hence the name olefiant gas. 

One molecule of ethylene also combines directly with 
one molecule of each of the following bromine, iodine, 
liydrobromic acid, hydriodic acid, sulphuric acid, and with 
two atoms of nascent hydrogen. On account of this 
property of forming addition compounds ethylene is said 
to be unsaturated , marsh gas, which only forms substitution 
compounds, is said to be saturated 

With oxygen ethylene explodes on ignition much more 
powerfully than marsh gas, and great care must be exercised 
in dealing with mixtures of ethylene with air or oxygen. 

The composition of ethylene is established by a similar 
method to that employed in the case of marsh gas. 



ACETYLENE, C 2 H 2 . 

US 2 This gas occuis in small quantity in coal gas, and is 
formed when coal gas is burnt with an insufficient supply 
of air, or when the flame is cooled by impinging on a cold 
surface. Carbon and hydrogen unite directly to form 
acetylene when a powerful electric discharge is passed 
between carbon poles in an atmosphere of hydrogen. 

Preparation. One method of preparation is described 
in the following experiment 

Esp 168 Fit into an ordinary lamp-chimney a cork through 
which passes a short piece of straight wide tubing, and a second 
narrow piece bent at right angles, as sho\\n in Fig. 66, and con- 
nected with the supply of coal gas. Close the aperture at the top 
of the chimney, and allow the gas to escape by the straight tube 
until the air is displaced ; then light it at the lower extremity of 
thi& tube and uncover the aperture at the top of the chimney. The 
flame will then pass up the tube and attach itself to the inner 
opening where the air and coal gas meet, the flame area being 
air and the surrounding atmosphere being coal gas. The gas 
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escaping at the top oi the chimney may be ignited, and here we 
shall have a flame of coal gas burning in an as in combustion under 
ordinary cu cum stances. In the flame burning in coal gas at the 
base of the chimney much acetylene is formed, and if a glass tube 
bepa&sed thiough the upper flame and gas be aspirated from the 
inside of the lamp glass it will be found to contain acetylene An 
ammomacal solution of cuprous chloride absorbs acetylene with the 
formation of a brown powder, cuprous acctylide, Cu 2 C 2 , a body 
which in the dry condition detonates violently by friction or if 
heated If this body be picparcd by aspirating the gas as above 
thiough such a solution, then pure acetylene may be liberated from 
the moist cuprous acetylide by acting on it with hydrochloric 
acid 

Cu 2 C 2 + 2 HOI = Cu 2 01 2 + C 2 H 2 . 




G, 66 



The most convenient mode of preparation consists in 
treating calcium carbide, CaC 2 (a grey solid obtained by 
heating lime or limestone and coke in an electric furnace), 
with water 

Oa0 2 + 2 1T 2 = Ca(OH) 2 + 2 H 2 . 

Exp 169 Place a small lump of calcium carbide under a cylinder 
of water inverted in a trough of water. Acetylene is formed without 
heating and uses up into the cylinder. 
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283. Properties Acetylene is a colourless gas which 
possesses an odour of garlic (not the odour observed when 
a Bunsen lamp burns at the base) ; it is poisonous. 

Water dissolves its own volume of the gas at ordinary 
temperatures, and it may be condensed to a liquid under 
a pressure of 48 atmospheres. It burns with a luminous 
smoky flame, and forms very explosive mixtures with air 
or oxygen. 

By using a burner with a very fine hole, the flame of 
acetylene becomes non-smoky and exceedingly luminous 
As might be expected, the gas is employed to a consideiable 
extent for illuminating pui poses, e g. in bicycle lamps, and, 
more recently, for house illumination where coal gas is not 
available ; it is generated as required by the action of water 
on calcium carbide, for it cannot safely be stored under 
pressure on account of its tendency to explode when coin- 
pressed. Acetylene is also used to increase the luminosity 
of other gases, such as oil gas 

Acetylene combines directly with either one or two 
molecules of chlorine or bromine; it is therefore more 
unsaturated than ethylene, which can only take up one 
molecule of each of these elements It also combines 
directly with the halogen acids and with nascent hydrogen. 



COAL GAS AND WOOD GAS. 

284. Before dealing with the manufacture of coal gas on 
the large scale it will be well to examine the action of heat 
on coal by experiment, 

Action of Heat on Coal 

Exp 170. Examine a coal fire, or heat a small piece of coal in a 
gas flame You will notice the softening of the coal where it is 
heated, the giving off of an infUmmable gas, and the final burning 
of the coal. The coal also lights easily 

Exp. 171 Take a jar of oxygen and lower into it a small piece 
of coal on a deflagrating spoon after lighting a corner When the 
coal has stopped burning, test the contents of the jar for water by 
means of anhydrous copper sulphate and for carbon dioxide by lime 
water. 
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The products of combustion are tlma seen to be carbon 
dioxide and steam 

Exp 172 Setup the appaialus 
shown in Fig 67 A is a huid 
glass tube about 6 inches long B 
is a wide test-tube. Before placing 
A in position half -fill it with dry 
coal dust and shake to make an 
air space over the coal dust. Heat 
the tube carefully. Note the for- 
mation of smoke and brown fumes 
which condense to a liquid in B 
This liquid separates out into 
two layers , the upper layer is an 
aqueous solution of -various sub- 
stances gas liquor, the thick brown lower layer is tar. After some 
time appljr a light to the gas escaping at C ; it burns : this inflam- 
mable gas is coal gas. Test the gas with lead acetate paper ; note the 
blackening, showing the presence of sttlpkw compounds in the gas 
When the gas has stopped coming ofE break the tube A and note the 
hard cole. 

' 285. Manufacture of Coal Gas. This experiment ia 
repeated on the large scale in the manufacture of coal gas, 
This process requires the use of special plant, which may be 
described in outline as follows. 

The coal is heated in horizontal tubular fireclay retorts, 
a, somewhat Q shaped in section and six or more feet long 
The open end of the retort is tightly attached to the iron 
furnace front b, which has for each retort a door c, through 
which coal can be shovelled in and coke removed, and also 
a vertical iron pipe, the rising main d, through which the 
gas is driven by the decomposition. 

The retorts are generally arranged in groups of five for 
convenience of heating by a single furnace below each 
group, and are now generally tubular, with a door and 
rising main at each end. 

In order to prevent the escape of gas during the charging 
of the retorts with coal, a curved pipe leads from the side 
of the rising main into a horizontal pipe, the hydrauhc 
main e. This main contains condensed coal tar and water, 
below which the entering pipes dip, thus effectually sealing 
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tli-nisolvea against small changes of pressure, The level 
of the liquid in this main is kept constant by allowing any 
excess to flow off into the tar pit f. 

The gas given off con tains vapour of the tar and ammonia, 
and is too hot to be purified It is now passed thiough a 
seiies of pipes, the condensers , at first of large diameter 
to condense the tar, and later of smaller diameter to cool 
the gas for complete purification and to remove more tar. 
All the condensed liquids are collected in the tar pit, and 
separate into two layers, the lower the gas tar, and the 
upper an aqueous solution containing ammonia and ammo- 
nium salts, the gas liquor. 



JL 
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FIG 68. 

From the condensers the gas rises through a larger 
vessel full of coke, the scrubber , in which it meets c i fine 
spiay of water, which icmoves all traces of ammonia. 
This liquid, together with the gas liquor from the tar pit, 
is mixed with sulphuric acid to expel gaseous compounds 
of sulphur (H 2 S, etc.) and to recover the ammonia in the 
form of ammonium sulphate 

After leaving the scrubber the gas passes through three 
to six feet of slaked lime contained in the purifiers ffl 
These are square gas-tight iron tanks sealed with water, 
and containing the slaked lime spread on wooden grids in 
layers about six inches deep. The gas passes through this 
lime, which absorbs sulphuretted hydrogen and carbon 
dioxide, and other sulphur compounds, forming a mixture 
of calcium sulphide, carbonate, etc., the spent litne or gas 
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lime. To remove as much as possible of the sulphur com- 
pounds, the gas is generally passed through ferric hydroxide 
contained in another purifier , the ferric hydroxide is 
reduced to ferrous sulphide and sulphur is deposited This 
mixture on being exposed to the air becomes oxidised, and 
may be used again until the sulphur is present in too great 
excess. 

After leaving the purifiers the gas passes over into the 
gas holders /?, where it is stored over water until it is 
required for use. 

A ton of coal yields about 10,000 cubic feet of coal gas, 
which varies in composition, but contains approximately 

Hydrogen . .. .. 50 per cent. 

Maish gas ... ... ... ... 35 3 , 

Carbon monoxide ... . . .. 8 

Ethylene, etc.... 5 

Nitrogen and oxygen. . . ... 3 

Thus about 96 per cent, of the product has little or no 
illuminating power, this property being mostly duo to the 
5 per cent, of ethylene, etc. 

Coal tar is a mixture of many organic substances which 
are separated by fractional distillation. Among the most 
important are benzene, naphthalene, anthracene, used in the 
manufacture of dyes, and phenol (caibohc acid). 

286 Coke. The residue in the retorts after the dis- 
tillation of all the volatile products from coal is composed 
of two substances, colce and gas-carbon The former is found 
in the centre of the retorts and consists principally of carbon, 
but contains all the non-volatile mineral matter present 
in the coal (i. e. the ash), and also small quantities of hydro- 
gen, nitrogen and oxygen ; the latter occurs as a deposit 
on the roof and sides of the retorts and is nearly pure 
carbon Gas-carbon has been sufficiently fully treated in 
272. WQ shall, however, study coke at somewhat greater 
length, 
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The amount of ash in coke varies with the coal used, 
but the average composition is 

Carbon .. . . ... ... 915 percent. 

Hydrogen . . ... . . 04 

Nitrogen and oxygen ... ... 21 

Ash 60 

Ezp 173 Try to light a piece of coke in a flame : it does not 
burn so readily as coal, and requires a higher temperature to set it 
on fire 

The temperature obtained by burning coke is veiy high, 
and, as there aie no volatile products, there is generally 
neither luminous flame nor smoke from dry coke 

Blue flames are often noticed playing above a brightly 
burning coke fire : these are flames of carbon monoxide, 
formed by the reaction between carbon dioxide and red- 
hot carbon. 

Coke is not only obtained as a by-product in the manu- 
facture of coal gas, but it is also specially manufactured by 
heating coal to redness in coke ovens. The coke so pre- 
pared is very dense and is used in iron smelting. 

287. Action of Heat on Wood. When wood is heated 
in the air it chars, gives off inflammable gases, and burns, 
leaving a black mass of charcoal, which slowly burns 
away. 

Exp 174 Repeat Exp 172, using small pieces of wood (e g 
matchstalks) instead of coal dust. Note the formation of water, 
tar, inflammable gas and charcoal 

Thus the distillation of wood and of coal in absence of 
air gives similar products , for we obtain wood gas, a water 
distillatej wood tar, and charcoal Wood gas is used for 
illuminating purposes in Germany and Switzerland. The 
temperature of distillation must be very high, however, or 
the gas does not contain sufficient illuminating gases 
(heavy hydrocarbons) to be of any use for lighting pur- 
poses. The high temperature decomposes a large quantity 
of liquid oils which would simply distil over if a lower 
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temperature were used. This decomposition is helped by 
the use of cast-iron tetorts instead of clay retorts. 

The composition of wood gas as used for illuminating 
purposes varies between the following wide limits : 

Hydrogen 18 to 42 per cent. 

Marsh gas ... ... ... 9 to 35 ,, 

Carbon monoxide 2 2 to 6 2 , , 

Ethylene, etc 9 to 35 

Practically no sulphur compounds are produced, but a 
considerable amount of carbon dioxide is given off, which 
is removed by slaked lime as in the case of coal gas. 

The watery distillate contains only a small quantity of 
ammonia, but a number of organic substances are prepared 
from it, of which the chief are wood vinegar (acetic acid), 
wood spirit (methyl alcohol), and acetone 

Wood tar contains many organic substances, of which 
creosote is the most important ; the latter is used for the 
preservation of timber. 

The residue left in the retort after the distillation is 
wood charcoal^ which has already been described. 

288. Mineral Oils Reference has already been made to 
the naturally occurring mixture of hydrocarbons known 
as petroleum or natural oil. The constituents of this 
mixture have different boiling-points and may, therefore, 
be separated by distillation, the receiver being changed 
at intervals The chief products are. Pett oleum ether 
(b. pt. 40 70), gasoline and petrol (b. pt. 70 90) ; 
these three fractions have a specific gravity 65 70 ; 
they are too inflammable for use as illummants, but are 
employed as solvents for resins and oils in the manufac- 
ture of lacquers and varnishes and for the production of 
explosive mixtures in gas engines : benzine or benzoline 
(b pt. 90 120; sp. gr. 0*70 74) is used for dissolving 
oils and greases and for small lamps ; this fraction is also 
called ligroin cleaning oil (b. pt. 120 170) is used 
for the purpose which its name implies, and also instead 
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of turpentine in making varnishes : kerosene or paraffin 
oil (b. pt. 150 300) is used for illuminating and heating 
purposes. The portion which distils over above 300 0. is 
paitly liquid and partly solid at ordinary temperature. 
The liquid part is called lubricating oil and is used for 
lubrication The solid is paraffin wax. It is separated 
fiom any adhering liquid by means of filter presses, and 
used in the manufacture of candles, night-lights, etc. 

Vaseline is the residue which remains when some of the 
Ameucan petroleums are distilled in vacno at low tcm- 
peiaturas 

The oils obtained by distillation are generally free from 
sulphur, but are dark in colour. They are lefincd by 
agitation with sulphuric acid, followed by treatment with 
dilute caustic soda solution, by which means they are 
rendered nearly colourless and fit for use in lamps. 

Shale oil is obtained by distilling oil shale, a bituminous 
shale found in large quantities in the coal measures in 
Mid-Lothian The shale is broken up into small fragments 
and heated m vertical retorts, and the products of the 
distillation are passed through a condensing apparatus 
consisting of a long series of pipes, the arrangement being 
similar to that used in the manufacture of coal gas ; the 
distillation is assisted by passing steam in at the base of 
the retorts The liquid pioducts collect in two layers, the 
lower consisting of an aqueous solution of ammonia and 
other substances, and the upper of oil and tar, The 
latter is a greenish brown mixture closely resembling petro- 
leum, and on fractional distillation it yields a number of 
products which are very similar to those obtained from 
petroleum. 

289 Natural Gas In certain localities, particularly 
Pennsylvania in the United States, a natural gas which 
consists largely of hydrocarbons has accumulated in cavities 
in the earth's crust, and when borings are made which 
reach to these cavities, the gas, which is under great 
pressure, rapidly rises to the surface. This gas is largely 
used for illuminating puiposes. 
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Oil gas is made by introducing that portion of hhalo 
oil winch has a specific gravity of about 85 into letotts 
heated to bi ight redness, when the complex liydrocai bons 
of which the oil is composed aie bioken up, yielding a 
number of simpler gaseous hydrocarbons Oil gas is much 
used for illuminating tidins and for enriching coal gas. 



QUESTIONS CHAPTER XXL 

1. Show in tabular form the percentage of caibon and 

hydrogen in (a) wood, (b) peat, (c) lignite, (d) bitu- 
minous coal, (e) antluacite. 

2. Taking the atmospheric pressure as 15 ibs. on the 

square inch, calculate the weight of caibon 111 a 
column of the air whose base is a squaio mile, the 
carbon dioxide present being 06 per cent, by 
weight. 

3. Compare the densities of diamond, graphite and 

amorphous carbon What do you regard as a full 
and sufficient proof that each of these bodies consists 
of the same element ? 

4. Describe how Moissan has succeeded in preparing 

aitificial diamonds 

5. How would you prove that sugar contains carbon 1 

6 How is wood charcoal manufactured 2 Describe ex- 
periments illustrating its chief properties 

7. What is animal charcoal, how is it piepared, and for 

what purpose is it used ' 

8. How would you show by experiment that a hydro- 

carbon contains caibon and hydrogen, and that it 
consists entirely of these elements ? 

9. Where is marsh gas found to occur naturally, and how 

is it usually prepared in the laboratory 1 

M. OHEM. Y 
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10 How can it be pioved that the foimula for incirsli gas 



is 

11. Describe m detail the preparation of ethylene from 

alcohol 

12. Explain the terms substitution compound, addition 

compound^ unsaturated compound, saturated com- 
pound 

13. How may marsh gas be distinguished from ethylene 1 

14. Describe with equations the chemical changes which 

take place when ethylene is burnt in air and in 
chlorine. 

15. Under what circumstances is acetylene formed during 

combustion of hydrocarbons ? Can you suggest any 
means of determining the amount of acetylene in a 
mixture of hydrogen and acetylene 

16 How may acetylene be obtained in the pure condition ? 

17 What are the chief properties of acetylene, and for 

what purposes is it employed 1 

18 Describe how you would investigate experimentally 

the action of heat on coal in the absence of air. 

19 Write a short account of the chief products of the 

destructive distillation of coal. 
20. What are the chief products obtained from crude 

petroleum, and for what purposes are they employed ? 
21 State what you know about natural yas and oil gas 

22. 1931 grammes of diamond gave on complete combus- 

tion 0*704 grammes of carbon dioxide. Calculate the 
percentage of ash in the diamond (C = 12, O = 16). 

23. What volume of ammonia will be absorbed by 10 

grammes of charcoal if the density of the charcoal is 
1*5 and if it absorbs 172 times its volume of the 
gas? 

24. 20 c.cs. of marsh gas are exploded with 50 c.cs. of 

oxygen. What will be the volume of the resulting 
gasT Also what diminution in volume will take 
place on treating the resulting gas with excess of 
caustic potash? 

All volumes are supposed to be measured under 
standard conditions of temperature and pressure. 
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25. 30 c.cs. of ethyleue are exploded with 150 c.cs of 

oxygen and the resulting gas treated with excess ut' 
caustic soda. What volume of gas will remain and 
of what will it consist? 

All volumes are supposed to be measured at atmo- 
spheric temperature and pressure. 

26. 10 c.cs. of acetylene measmed at 120 C and 750 m.m. 

pressure are exploded with 80 c cs. of oxygen measured 
at the same temperature and pressure. What will 
be the volume of the lesultmg gas if the temperature 
and pressure suffer no change, and of what will it 
consist 1 



CHAPTER XXII. 

COMBUSTION. 

290 Incandescence When the tempeiatuie of a body 
is raised to such a degree that it gives out light, it is said 
to be incandescent, or in a state of incandescence. 

Exp, 175 Take pieces of platinum wne, non \vnc, magnesium 
ribbon, black lead, charcoal, and some non filings Heat the fust 
five and diop tlie filings through a flame, holding the burner aslant 
In each case light is given out While the platinum and non wnes 
and black lead return to the same state on cooling, the magnesium, 
diai coal and iron filings are changed by oxidation, 

Exp 176 Heat carefully about t\vo grammes of ammonium bichio- 
mate in a poicelam basin, removing the flame as soon as a change 
take-* place. Note that the change fiom rod crystals to green powder 
is attended by incandescence, 

Incandescence may thus be produced either by external 
heating or by the heat arising from chemical change. 

Liquids and gases may also become so hot as to be 
incandescent, as in the flash seen during the explosion of a 
mixture of hydrogen and oxygen, The most common 
example of the incandescence of gases is afforded by flames 

291, Flame, Whenever a gas or vapour is brought into 
an atmosphere with which it can react chemically, and the 
heat generated is sufficient to bring about incandescence of 
the particles, flame is produced. The heat is generated and 
the incandescence effected in the region where the reaction 
is carried on, that is, at the surface where contact occurs 
between the two gases, as is seen when a jar of hydrogen 

324 
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burns mouth downwards. When we spr:ik of hydrogen 
and coal gas ,xs being combustible gases, and of air as being 
a supporter of combustion; we imply that hydrogen and 
,coal gas, when once ignited, burn in air. In ordinary 
flames this is the case, we have seen, however, in Exp 168, 
that a jet of air can be made to burn in an atmosphere of 
coal gas 

In either case the flame marks the surface of contact 
between the air and the coal gas, and is the region where 
the chemical changes take place which transform the 
hydrogen and carbon of the coal gas into water and carbon 
dioxide as ultimate products. 

Where the gases aie intimately mixed and then ignited 
the burning takes p T ace with great rapidity, and an explo- 
sion of a more or less violent nature ensues , but where a 
regular supply of the combustible product impinges upon 
the atmosphere in which it burns, a more or less steady 
flame is the result, the paiticulnr form of which is deter- 
mined by the nature of the jot and the shaping influence of 
air- currents. 

292 Point of Ignition. In any case, before flame can 
be produced at all, the temperature of the combustible 
body must first reach a certain limit known as the point 
of ignition. This temperature varies with different bodies 
the vapour of carbon bisulphide may be ignited by a glass 
rod heated only to 150 0., whilst for hydrogen or coal gas 
a dull red heat (600 C ) is insufficient. 

Exp 177 Place in small basins or little tin saucers two or thiee 
drops of benzolme, a few drops of paraffin, and a small piece of paiaffiu 
wax, and apply a light to each. The beuzolme bums at once, the 
paraffin oil must be slightly waimed, while the paraffin wax must be 
heated over a burner before it will light. In these cases the temper- 
ature of ignition is called the flash point 

Conversely, a flame is extinguished if its temperature is 
by any means reduced below the point of ignition of the 
vapours consumed 111 it. 

Exp. 178 Hold a piece of wne gauze (about thirty meshes to the 
inch) horizontally over a Bunsen burner and about an inch above the 
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orifice (Fie 69). Turn on the gas and light it on the upper side of the 
gauze The flame will not be commu- 
nicated to the stream of gas on the under 
side of the gauze 





* s a OO( ^ conductor f heat. The 
heat received from the flame is 
rapidly conducted away by the 
gauze and dissipated, chiefly by 
radiation. This continuous loss 
of heat prevents the temperature 
of the gauze from reaching the 
ignition point of the gas, and, as the gas below the 
gauze can only become heated by contact with the gauze, it 
does not become ignited. 

Exp 179 Make a piece of the wire gauze into a cylindrical roll, 
and place a candle within it Now direct the flame of a Bunsen 
burner against the outer sin face of the 
gauze ; the wax may he melted, hut the 
candle cannot be lighted unless the gauze 
is heated to redness The reason foi this 
will he gathered from the explanation 
given in the previous experiment. 

The Davy Lamp (Fig. 70) is a 
Bimilar arrangement, in which an 
oil lamp is shut in by a layer of 
gauze; and, even if such a lamp 
be entirely surrounded with in- 
flammable gas, this will not become 
ignited, although the inflammable 
gas which passes through the 
gauze may burn inside it and fill 
the space above the oil lamp with 
flame. If, however, the gauze 
becomes strongly heated, or if the 
flame should be mechanically driven 
through the meshes, communication 

with the inflammable atmosphere outside may be estab- 

lished, and ignition will then take place. 
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293. The Candle Flame. The inflammable matter in a 
candle is the wax or tallow, consisting of compounds con- 
taining carbon and hydrogen The wax is melted and 
passes up into the wick, which serves as a still supplying 
the vapours of carbon compounds to the space immediately 
surrounding it That such a space exists containing com- 
bustible vapours may easily be shown by the following 
experiment : 

Ezp. 180 Depress a sheet of stout paper quickly into a candle 
flame to the level of the top of the 
wick, and hold it steadily theie for 
about a second. On withdi awing 
it, a ring of sooty deposit will be 
seen, and within it a clear space. 
Secondly, take a glass siphon-tube, 
as shown in Pig. 71, and bring the 
shoiter limb into the centie of the 
flame; presently yellowish- brown 
vapours will be seen to pass down 
the tube and issue at the other end. 
These vapouis will be found to 
be inflammable, and may be burnt 
at the end of the tube 

We can distinguish in the 
candle flame 

(1) A central zone sur- 
rounding the wick, and con- 
taining vapours of carbon 
compounds the zone of no 
combustion (A in Fig. 71) ; 

(2) A blue non-luminous 

zone, B, at the base ; Fro, 71. 

(3) A luminous zone, 0, 
surrounding the dark central zone; and 

(4) A faintly luminous mantle D. Under ordinary 
circumstances this zone is not easily seen, but if a little 
finely-powdered common salt is sprinkled over the flame, it 
will flash out as a golden-yellow fringe, the colour of which 
is due to the salt. 

The mantle can also be seen as a goldon band above the 
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wick by looting just above the glowing tip of the wick 
projecting through the side of the flame 

The changes which take place in the different zones aie 
somewhat as follows (A) Vaponsation of the carbon 
compounds As these pass up this zone decomposition 
takes place, with gradual formation of acetylene and from 
it of dense hydrocarbons, and finally of free carbon par- 
ticles (B) The hydrocarbons present undergo partial 
combustion, with foimation of caibon monoxide, hydrogen, 
and water 

OH, + 2 = CO + H 2 + H 2 0, 
GfL, + O a = 2 CO + 2 H 2 . 

(C) The changes which take place in this zone are very 
complex. The formation of dense hydrocarbons and 
separation of carbon particles is continued. Also in- 
complete combustion takes place with formation of carbon 
monoxide carbon dioxide, hydrogen, and steam The 
luminosity of this zone is due to the presence of the solid 
carbon particles and dense hydrocarbons, which become 
incandescent owing to the heat evolved by the chemical 
reactions which are taking place (D) Heie the products 
of zones (B) and (0) are mixed with excess of air and 
bmut completely to carbon dioxide and water 

294. The Gas Flame A coal-gas flame has the same 
four zones as a candle flame unless the 
C jet is very small As its size is reduced 

A^g^/ tne luminous zone giadually diminishes 

^r^^y^ relatively to the non-luminous zones, and 
when the jet is very small it entirely 
disappears. The flame now consists of 
three zones only, and piesenfcs the appear- 
ance shown in Fig. 72. 
FIG 72. A is the zone of no combustion, B is 

the zone of incomplete combustion ; ifc is 
blue, hke zone B in Fig 71, to which it corresponds. In 
the mantle C the combustion is complete. Between the 
flame and the burner there is a space E containing un- 
burnt gas; it is part of the zone of no combustion? 
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Exp. 181. Examine a gasket \ihen turned on full, and note the 
zones as in the caudle flame ( 293) The mantle can be shown to he 
hot by means of a thin piece of wire held across the flame Note the 
changes in the chaiactei of the flame as the gas is giadnally loweied, 
and the giadual dusappoaiancc of the luminous zone. 

295. Luminosity of Elame There are three factors, some 
or all of which are concerned in the luminosity of flame 
(1) the presence of solid particles; (2) the density of the 
flame gases, (3) the tempeiature. At one time it- was 
believed that (1) and (3) were the sole causes; this was 
Davy's theory, and it was supported by the following 
facts : 

(a) Most flames in which no solid particles can be present 
are practically non-luminous : e. g. hydrogen burning in 
oxygon. 

(6) Non-luminous flames become luminous when solid 
paiticles are introduced into them, e.g finely-divided char- 
coal or lime blown into an oxyhydrogen blowpipe flame 
makes it luminous. 

(e) A glass rod held in a candle flame becomes covered 
with soot only on the under side. If the interior of the 
flame consisted of vapours which deposited soot because 
they were cooled down by the rod, the deposit should be all 
round 

(J) Luminous flames, like that of a candle, when placed 
between a brighter light and a screen, cast a shadow 3 non- 
luminous flames ca&t no shadow. 

That the luminosity of some flames is not due to the 
presence of incandescent solid particles is shown by the 
existence of lummous flames in which no solid matter can 
possibly be formed : e g. the flame produced when phos- 
phorus or phosphoretted hydrogen burns m oxygen, or 
arsenic burns m nitric oxide or oxygen. At the temperature 
of the flame in these cases all the possible products of com- 
bustion are gases. According to Frank] and's theory, lumin- 
osity is due to the presence of heated gases, the luminosity 
increasing with the density of the gases. This is supported 
by the following facts :-* 
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(a) A candle burns at high altitudes or in an artificially 
raiefied atmosphere with greatly-reduced luminosity. 

(I) The flame of hydrogen burning in oxygen becomes 
luminous when the gases are under a pressure of frfro 
atmospheies 

The effect of the temperature of a flame upon its lumin- 
osity may be studied by experiment. 

Exp 182 Make a shoit coil of stout coppei wire by giving it half- 
a-dozen turns round a piece of glass lod about 5 mm in diametei, 
leaving only a small space between one coil and the next Bring the 
coil into the upper pait of the luminous zone of a candle flame the 
flame will become smoky , if it be quickly depiessed to the level of the 
wick, the flame loses its luminosity, and, indeed, may be extinguished 
altogether 

Exp 183 Fill a gas cylinder with oxygen and lower a lighted 
caudle into it : the flame becomes much shorter and brighter. 

In the first case, copper, which is a good conductor of 
heat, conveys away heat from the flame, and lowers its 
temperature to such an extent that the solid particles of 
carbon can no longer keep up their luminosity- they escape 
combustion and pass off as smoke Indeed, the vapours 
may also be cooled below their ignition point, in which case 
the flame is extinguished altogether. 

In the second case, the heat given out is not utilised in 
raising the temperature of the nitrogen of the air, but is 
all available for heating the particles of carbon. 

Thus, raising the temperature of a flame increases its 
luminosity, and lowering its temperature decreases its 
luminosity 

The effect of cooling is often noticed in very cold weather, 
when the gas, if carried by exposed pipes, does not possess 
its usual illuminating power : this is partly due to the con- 
densation of volatile liquid and solid hydrocarbons con- 
tained in the gas, and also to the extra amount of heat 
required to raibe both gas and air to the temperature of 
incandescence. 

In ordinary flames used for various purposes all three 
causes operate and may be utilised. 
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296. The Batswing and Fishtail Flames. In these 
flames the gas is made to issue from a narrow slit (fishtail) 
or from two jets which impinge on each other (bats wing). 

By these devices the flame is flattened This enlarges 
the surface of gas exposed to the air, and thus increases 
the rate of combustion and the luminosity. 

297 The Bunsen Flame. This flame is produced by 
mixing air with the gas which is 
to be burned, in such quantity as 
to render the combustion nearly 
perfect and the flame non-luminous. 
The gas is supplied thiough a small 
jet placed inside a wide tube, so 
that the rush of gas sucks in air 
through holes at the bottom of the 
tube; the mixture of gas and air 
passes up the tube, and is ignited at 
its mouth. 

There are two zones, both of which 
are non-luminous (Fig 73) In A 
(pale blue) incomplete combustion 
takes place, the hydiocarbons being 
in excess, and in B (very palo 
blue) the combustion is complete, 
air being in excess. The non- 
luminosity of a Bunsen flame is 
caused by (1) increased oxidation 
by which the separation of solid 
particles of carbon is prevented, or 
at any rate reduced ; (2) dilution 
by the nitrogen of the air this 
raises the temperature required for the decomposition of 
the hydrocarbons of coal gas, (3) cooling by the large 
volume of air introduced. The result of (2) and (3) is 
that the gases reach the outer zone where air is in excess 
and are completely burnt up, before they attain the tem- 
perature at which dense hydrocarbons are formed and 
carbon particles separate. 
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298. Oxidising and Reducing 1 Flames. The foregoing 
paragraphs show that heated hydrocarbon vapours have 
the power of combining with oxygen in the gaseous con- 
dition to form caibon monoxide or dioxide, hydrogen ,^nd 
water vapour. They have thus the power of absti acting 
oxygenfiom many solid oxides or bodies containing oxygen 
This property may readily be shown either by means of the 
flame of a Bunsen burner or of the blowpipe. 

Exp 184 Pai tially close the holes at the base of the Bunsen burner 
until tlieie appeals a well- defined luminous tip (A in Fig 74) within 
tlie flame owing to the reduction of the air supply Now mtioduce 
within the luminous aiea a small amount of baiuim sulphate on a loop 
of thin platinum wne, and hold it there steadily foi two or thiee 
minutes. 





FIG. 75 



In Pig. 71 

A is reducing area 
BCD is oxidis ng ai ea 

B low teinpeiature oxidising aie 
Chigh - 



ID Fie;, 7j 
A is leducmg area 
B is oxidising ai wa 
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The substance will be found to have changed in chaiacter, for, whilst 
the bauum sulphate oiignially taken is unacted upon Ivy hydrochloric 
acid, the losulting body when moistened with dilute hydiochlonc acid 
evolves an odour of sulphuietted hydiogen. The sulphate of barium 
(BaS0 4 ) lias been deprived of its oxygen, and has become barium 
sulphide (BaS) , this on tieatnient with dilute hydrochloric acid is 
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transformed into the soluble chloride of baimm with the evolution of 
sulphmetted hydrogen (II S) 

BaS + 2 HC1 = BaClfl + H 2 S 

Similarly, oxide of lead or copper may be reduced to 
metallic lead or copper when brought into the inner flame 
A of the blowpipe (Fig. 75). Wherever in a flame the 
hydrocarbons predominate and the supply of oxygen is 
limited such a reducing action prevails , and wherever m a 
flame the supply of oxygen is m excess of that required to 
consume the hydrocarbons, as in the outer zone of the 
candle or the Bunsen burner or the blowpipe flame, an 
oxidising action is experienced. This may be shown by 
bringing metallic tin or other metals into the outer margin 
of the Bunsen flame. 

299. Definition of "Combustion." The term combustion 
has hitherto been used in the popular sense to indicate the 
burning of a substance in air Chemists, however, usually 
assign a broader meaning to the term, as follows : Com- 
bustion is chemical reaction between two substances accom- 
panied by the production of heat and light. There is no 
restriction as to the nature of the reacting substances. 
Some writers include under the term comV nation such pro- 
cesses of oxidation as the rusting of iron in moist air, in 
which heat only, not light, is produced; but this is, perhaps, 
carrying the use of the term too far. 

Usually the substance which is outside during the com- 
bustion is spoken of as a supporter of combustion, and that 
which is inside as the combustible body, but, as has been 
shown above in the case of coal gas and air, the supporter 
of combustion and the combustible body can change places. 
This holds also in other cases, so that the terms are only 
relative. 

Since the external substance is usually air, a substance 
is commonly said to be combustible or not according to 
whether it will or will not burn in air. Thus, hydro- 
gen, phosphorus, and carbon monoxide are combustible ; 
chlorine and nitrous oxide are not combustible, 

Again, a substance is said to be a supporter of combustion 
if it will allow the same substances to burn in it as burn 
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in air (e. g. coal gas, hydiogen, a taper) Chlorine and 
nitious oxide are supporteib of combubtion, bulphuretted 
hydiogen, carbon monoxide, and hydiogen are not. 

Stuctly speaking, however, any two substances which can 
exist in the gaseous btate and which can combine chemically 
with sufficient evolution of heat may occupy towards each 
other the positions of suppoiter of combustion and combu&- 
tible body interchangeably For example, a jet of hydrogen 
will burn in chlorine, and a jet of chlorine will burn in 
hydiogon. In the formei case hydrogen is the combustible 
body and chlonne the supporter of combustion, in the 
latter the reveise. Again, phosphorus burns in oxygen, 
but it would be po^iblc to burn oxygen in phosphorus 
vapour, in which case the latter would be the supporter of 
combustion, 

300 Heat of Combustion Whenever carbon, hydrogen, 
or bodieb containing carbon and hydrogen burn, by com- 
bining with the oxygen of the air (the carbon to form 
carbon monoxide or dioxide, and the hydrogen to form 
water), the amount of heat accompanying the change is 
perfectly definite and constant. 

If a gramme of pure carbon be burnt to carbon dioxide, the 
heat given out will be sufficient to laise the temperature of 
8,080 c c. of wdter 1 C. ; this is expresbed shortly by the 
statement that the heat of combustion of one gramme of 
carbon is 8,080 thermal units or calories So, in like manner, 
the combubtion of one giamme of hydrogen is found to give 
iise to the evolution of 34,200 thermal units. Hydrogen, 
therefore, on combubtion gives out more than four times 
the amount of heat evolved by the same weight of 
carbon. 

Bituminous coal consists chieHy of carbon, but, as it 
contains some hydrogen, it should give out more heat on 
combustion than the same weight of carbon, and it would 
do so but for the fact that it contains usually 15 to 20 per 
cent, of oxygen, sulphur, nitrogen, and mineral ash, which 
are practically unproductive of heat. In anthracite, how- 
ever, these constituents amount to little more than 5 per 
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cent., and the heat of combustion of this kind of coal is 
greater than that of bituminous coal 

Petroleum, consisting entirely of carbon and hydrogen, 
and containing much more hydrogen than coal, actually 
does give out more heat than the same weight of carbon. 

Fuel being employed for heating purposes, the amount 
of heat generated in its combustion is of primary import- 
ance, and the following table shows at a glance the com- 
parative value of different substances which are applicable 
as fuels 

Hydrogen . . 34,200 thermal units per gramme consumed. 
Petroleum 12,000 

Coal . . 7,500 to 8,500 

Caibon . 8,080 

Wood ... about 3,000 



QUESTIONS. CHAPTER XXII 

1. Explain the term incandescence, and describe experi- 
ments which show how it may be pioduced 

2 What conditions are necessary for the production and 
continuance of combustion ? How would you show 
them experimentally ^ 

3. Describe an experiment by which air may be made to 

burn in coal gas. 

4. Explain what is meant by point of ignition and flash 

point. 

5. Explain the principle of the Davy lamp, and describe 

an experiment which illustrates it. 
6 Describe the structure of a candle flame, and explain 

the nature of the chemical changes which take place 

in the different zones. 
7. Describe the appearance of a coal-gas flame which is 

burning veiy low. 
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8 Discuss the explanations winch ha\o been put forward 

to account for the luminosity of llauio 

9 Give a diagram of the JJuiiben flame, and indicate on it 

(a) the reducing area; 

(b) the oxidising area , 

(c) the high temperatuie oxidising area; 

(d) the low temperature oxidising area 

10 What arc tho causes of the non-luminosity of a Bunsen 
flame 1 

11. How may calcium sulphate be reduced to calcium 

sulphide 

(a) in the blowpipe flame j 

(b) in the Bun.sen flame? 

12. Explain carefully what you understand by combustion, 

and supporter of combustion. 

13. What volume of water may be raised from 10 C. to 

50 C. by the heat donvcd fiom the combustion of 
10 grammes of hydrogen and 10 grammes of carbon 
lespectively ? 

14. Explain the term heat of combustion, and compare the 

heats of combustion of the common kinds of fuel. 



CHAPTER XXIII. 

OXIDES OF CARBON-CARBON BISULPHIDE. 

CARBON forms two compounds with oxygen, namely, 
carbon monoxide, CO, and carbon dioxide, C0 2 . 

CARBON MONOXIDE, CO, 

301. Occurrence, This gas occuis in small quantity in 
chimney gases, especially where the air-supply during com- 
bustion is not in sufficiently large excels ; it is also formed 
during the dry distillation of wood, coal, and such organic 
bodies. The gases from blast or other furnaces in which 
an excess of carbon is present, and in which a reducing 
operation is being performed, consist largely of carbon 
monoxide. 

302. Preparation from Oxalic Acid Carbon monoxide 
may be prepared by heating oxalic acid with concentrated 
sulphuric acid, an equal volume of carbon dioxide being 
given off at the same time, 

Exp 185, Introduce about 20 grammes of crystallised 
oxalic acid into an 8-ounce flask provided with thistle 
funnel and delivery tube, and as much concentrated sul- 
phuric acid as to cover it. Apply heat steadily until effer- 
vescence sets in, and then modeiate it so as to secure a 
regular and not too rapid evolution of the gas. Collect 
over water, avoiding any escape of the gas, as it is very 
poisonous. The reaction which takes place is 

4 + H 2 S0 4 - CO + C0 2 + H 2 + E 2 S0 4 . 
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The sulphuiic acid removes the elements of water from 
the oxalic acid without itself undergoing any chemical 
change 

303. Experimental study of the products of the 
reaction 

Exp 186. Pour lime-water into a jar of the gas, and 
shake up ; the lime-water will become turbid owing to the 
formation of calcium carbonate * 

Oa(OH) 2 + C0 2 OaC0 3 + H 2 0. 
The presence of carbon dioxide is thus indicated. 

Exp. 187. Remove the cover from a jar of the gas, 
quickly pour in a few cubic centimetres of caustic soda, 
replace the cover and shake up well j the carbon dioxide 
will combine with the caustic soda, forming sodium 
carbonate 

2 NaOH + C0 2 * Na 2 C0 8 + H 2 0. 

Now bring the mouth of the jar under water, and remove 
the cover; the water will rise, and it will be seen that 
about half the volume of the gas is left. This is the carbon 
monoxide. Transfer some of this gas to a smaller vessel 
by decanting it over water, and shake up with lime-water > 
no turbidity will be produced, the carbon dioxide having 
been removed Now apply a light to the gas ; it will burn 
with a beautiful blue lambent flame. When the com- 
bustion is finished, again shake up the vessel, and marked 
turbidity will then be produced, showing that carbon 
dioxide has again appeared. The carbon monoxide has 
united with oxygen during the process of combustion, 
with the formation of carbon dioxide 

2 00 + 2 = 2 C0 2 . 

It may also be noticed that carbon monoxide does not 
itself support combustion, for if whilst it is burning the 

* After tlie experiment has been peiformed, it is well to bum the 
gas rather than to let it escape directly into the air. 
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lighted taper be plunged into the vessel, the flame will be 
extinguished. 

Exp 188 Remove the carbon dioxide from a second 
jar of the collected gas, and then decant into the jai 
sufficient air to fill the vessel 

We have now a mixture of equal volumes of carbon 
monoxide and air, and if after allowing the gases to stand 
for two or three minutes to mix properly, the mouth of the 
jar be held towards the flame of a Bun sen burner, it will 
be seen that carbon monoxide and air form an explosive 
mixture, 

If it be desired to separate the carbon dioxide from the 
monoxide before collecting the gas this may be done by 
passing the gases evolved dm ing its preparation through 
two wash-bottles containing caustic soda solution, as shown 
in Fig. 65. 

304. Other methods of preparation Carbon monoxide 
may, however, be piepaicd free from the dioxide by gently 
wanning a mixture of sodium formate and sulphuiic acid 

H- COONa + H 2 S0 4 = NaHS0 4 + H 2 + CO. 

This is the method usually adopted in the laboratory 
Another convenient method of preparation consists 

in heating roughly-powdered potassium ferrocyanide, 

K 4 FeO fi N fl + 3 II 2 0, with concentrated* sulphuric acid. 

The change which takes place is represented by the 

equation 

K 4 FcC 6 N 6 + 6 HJ30 4 + 6 H g O = 2 K 2 S0 4 + FeSO, 

+ 3 (NHJjSO, + 6 CO, 

The water required for this reaction is derived partly 
fiom the water of crystallisation of the ferrocyanide and 
partly from the 1*5 per cent, of water present in the 
sulphuric acid. 

* Dilute sulpliuiic acid gives rise to the formation of hydrocyanic 
acid (HCN). 
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An interesting method whereby carbon monoxide may 
be obtained in large quantities, though in an impure 
condition, is to pass carbon dioxide over red-hot charcoal, 
The charcoal may conveniently be heated in an iron p*pe 
by means of a combustion furnace, and the carbon dioxide 
evolved in a gentle stream by the action of hydrochloric 
acid on marble 

C0 2 + = 2 CO. 

The carbon monoxide is either collected or burnt at a jet 
attached to the exit of the tube 

This method of formation may be observed in a coke or 
red-hot cinder fire, on the surface of which the blue flames 
of the burning gas may be seen. The air passing in at the 
base of the fire at the lower part of the grate unites with 
carbon, forming carbon dioxide, and this as it passes over 
the mass of red-hot carbon in the upper part of the grate 
is transformed into carbon monoxide. " Producer gas " or 
" generator gas," used in some manufacturing operations, 
consists largely of carbon monoxide, and is obtained by 
passing air over a high column of red-hot coke or 
anthracite. 

When steam is passed over red-hot coke a mixture of 
carbon monoxide and hydrogen is formed, which is known 
as water-gas 

H 2 + C - CO + H 2 . 

Water-gas is used on the large scale as a source of heat. 

305. Properties. Carbon monoxide is a colourless, taste- 
less gas ; it is only very slightly soluble in water, 100 
volumes of water at ordinary temperatures dissolving less 
than three volumes of the gas. It is also very difficult to 
condense, the liquid boiling under atmospheric pressure at 
- 190 C. Under ordinary circumstances, carbon monoxide 
burns in air, or may be exploded with oxygen in a 
eudiometer, forming carbon dioxide. But when the gases 
are perfectly dried by exposing them for a lengthened 
penod to phosphorus pcntoxide, spaiks may be passed 
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through the mixture without combination taking place. 
This affords us with yet another example of the influence 
of moisture in assisting chemical reaction. 

Owing to the readiness with which carbon monoxide 
combines with oxygen, it is a poweiful reducing agent at 
high temperatures. It also combines directly with the 
vapour of sulphur, forming carbonyl sulphide (COS), and 
in sunlight with chlorine, forming carbonyl chloiide 
(COC1 2 ), also known as phosgene gas 

Finely-divided nickel and non unite with carbon 
monoxide on heating, forming compounds called carbonyls, 
nickel carbonyl is represented by the formula Ni(CO) 4 and 
iron carbonyl by ]?e(CO) 5 , both these compounds are 
liquids 

Carbon monoxide dissolves in a solution of cuprous 
chloride in strong hydrochloric acid or ammonia, with 
formation of a compound Cu 2 Cl 2 CO A solution of 
cuprous chloride is used as an absorbent for CO in gas 
analysis. 

Carbon monoxide is a very poisonous gas, this property 
depending on its power of combining with the hrerno- 
globin of the blood to form a bright red compound, carb- 
oxyhsemoglobin. 

306. Composition The composition of carbon monoxide 
may be ascertained by exploding the gas in a eudiometer 
along with oxygen. It will be found that 100 volumes of 
carbon monoxide and 100 volumes of oxygen after explosion 
show a contraction to 150 volumes, and on absorbing the 
carbon dioxide formed by means of potash, 50 volumes of 
oxygen will remain Thus 100 volumes of carbon monoxide 
have united with 50 volumes of oxygen to form 100 
volumes of carbon dioxide. 

This agrees with the formula CO for carbon monoxide 
assuming the formula for carbon dioxide to be C0 2 (see 
311 for proof of this) 

2 CO + 2 = 2 C0 2 . 

4 TOlS. 2 VOlS. 4 VOlS. 
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The density of carbon monoxide affords a confirmation of 
this formula. The gas is fourteen times as heavy as 
hydrogen, and therefoie its molecular weight is 2 x 14 
or 28, that of hydrogen being 2, 

Now C = 12, = 16, and therefore 00 = 12 + 16 or 28, 
so that, as already stated, CO is the correct formula for 
carbon monoxide, 



CARBON DIOXIDE (CARBONIC ACID GAS), C0 2 . 

307. Occurrence. This gas is of more frequent occur- 
rence than carbon monoxide Its presence in air and 
water has already been mentioned, and also the part it 
plays in the animal and vegetable kingdoms. It ib given 
off in large quantities from lime-kilns, in which the lime- 
stone (CaC0 3 ) is decomposed by heat into quicklime (CaO) 
and carbon dioxide Processes of fermentation and putre- 
faction give rise to the gas. Whenever an explosion of 
fire-damp occurs in coal mines carbon dioxide is formed in 
large quantities, and constitutes what the miners call the 
after-damp or choke-damp. 

308. Preparation. The usual method of preparing 
carbon dioxide, namely, by the action of dilute hydrochloric 
acid on limestone or marble, has already been clescubed in 
Exp 57, 41 The reaction which takes place is 
sented by the equation 

CaC0 3 + 2 HOI = CdCl 2 + H 2 + C0 a 



Although somewhat soluble in water, the gas may be 
collected over water, but as it is much heavier than air, 
it is usually collected by downward displacement Ah 1 
carbonates, when treated with dilute hydrochloric acid, 
liberate carbon dioxide , many, such as limestone, liberate 
it when heated 

We have already seen that carbon, dioxide is formed when 
carbon or compounds containing it are burnt in excess of 
air. If carbon compounds are heated to redness with oxide 
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of copper, the whole of the caibon is transformed into 
carbon dioxide, and it is in this way that the amount of 
carbon in such compounds is estimated. 

309. Properties of Carbon Dioxide. These have already 
been studied by experiment in 41. Carbon dioxide is a 
colourless gas with a faintly acid taste and smell. It is 
about 1 1 times as heavy as air, and its high density may be 
illustrated by the following experiment : 

Exp. 189 Fill a large beaker of three or four litres capacity by 
downward displacement with carbon dioxide ; now detach a soap- 
bubble charged with air into the beaker, and it will be found to float 
on the surface of the heavier carbon dioxide. 

Carbon dioxide is soluble in water, which at 15 C. dissolves 
about its own volume of the gas, while at C 100 volumes 
of water dissolve 180 volumes of the gas. As with other 
gases, the amount dissolved increases directly as the 
pressure under which solution takes place, and soda-wator 
being water charged with the gas under about four atom- 
spheres pressure contains about four times its volume of tho 
gas. The aqueous solution of carbon dioxide possesses 
feebly acid properties, for it is able to change the colour of 
litmus from blue to claret (not to the 'bright red produced by 
strong acids such as HOI and H 2 S0 4 ); CO 2 can also, like 
other acids, decolourise phenol-phthalein which has been 
rendered pink by the addition of a small quantity of alkali. 

Exp. 190. Pass a stream of caihon dioxide througli a few culuc 
centimetres of water to which some drops of litmus solution have been 
added, and note that the litmus assumes a claret tinge ; contiast tins 
with the effect of adding litmus to water containing a little hydrochloric 
01 sulphuric acid. Notice also that by boiling, the caibon dioxide is 
expelled, and the litmus assumes its original colour. A solution of 
caibon dioxide m water is therefoie very unstable, and possessed of a 
feebly acid character. 

Exp, 191. Pass the expired air from the lungs, or carbon dioxide 
prepared from marble and washed fiee fiom hydiochlonc acid by 
passing through water, thiongh a slightly alkaline pink solution of 
phenol-phthalein , the pink liquid becomes colomless. 

Caa-bon dioxide is in general a non-supporter of com bus- 
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tion and of animal life. Certain metals, however, such as 
magnesium and potassium, will burn in it with liberation of 
carbon. 

2 Mg + C0 2 = 2 MgO + 0. 
4 K + 3 00 2 - 2 K 2 C0 3 + C. 

It is decomposed by the green colouring-matter of plants 
in presence of sunlight, carbon being assimilated and oxygen 
set free in the process. 

Though the harmful effects of carbon dioxide are mainly 
due to suffocation (i.e. absence of oxygen), yet at the 
same time the gas does exercise a directly poisonous action 
on the system , for air containing more than one volume of 
it per thousand (i. e. about three times the normal quantity) 
has a distinctly depressing effect, and often gives rise to 
headache. 

310. Liquid and Solid Carbon Dioxide Under a 
pressure of 36 atmospheres at C. the gas condenses to 
the liquid form, and in this form it is prepared on a 
tolerably large scale and stored in steel cylinders. If the 
nozzle of one of these cylinders be opened, the pressure 
being released, the liquid is rapidly transformed into gas 
The amount of heat absorbed by the passage from the liquid 
to the gaseous condition is considerable, and the issuing 
gas becomes so far cooled that a part of it condenses 
again even to the solid form. Solid carbon dioxide is a 
white, snow-like substance which passes only comparatively 
slowly into the gaseous condition again. The depression of 
temperature caused by its passage from the solid to the 
gaseous condition is such that mercury can be readily 
cooled down to - 40 0. and obtained as a solid body. 

311. Composition of Carbon Dioxide This may be 
shown by a method similar to that employed in the case of 
sulphur dioxide. Thus when carbon is burnt in oxygen no 
change of volume occurs, and carbon dioxide is therefore 
said to contain its own volume of oxygen. It follows from 
Avogadro's hypothesis that the formula for the gas may be 
written C X Z where x has yet to be determined. Now the 
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molecular weight of carbon dioxide as deduced from its 
density is 44. This agrees with the value x = 1 in the 
formula just given for C = 12, = 16 and 0^ =12 + 2 
p< 1 6 or 44. The formula for carbon dioxide is therefore C0 2 . 
The composition by weight of the gas agrees with this 
formula, for, as already stated in 265, 12 parts by 
weight of carbon unite with 32 parts of oxygen to produce 
44 parts of carbon dioxide. 

312, The Carbonates. We have seen in a previous 
paragraph that a solution of carbon dioxide in water shows 
a feebly acid reaction. For this reason, and from a con- 
sideiation of the salts known as the carbonates, carbon 
dioxide is to be regarded as the anhydride of caibonic acid, 
and the composition of the acid, although never isolated, 
may be taken as H 2 C0 8 . 

Carbonic acid has two atoms of hydrogen replaceable by 
metals, and is therefore a dibasic acid. In the acid carbon- 
ates or bicarlonates only half the hydrogen is so replaced ; 
thus ICHCOg is bicarbonate of potash, and !N"aHC0 3 is 
bicarbonate of soda In the normal carbonates the whole 
of the hydrogen is replaced, as with EL 2 C0 8 , potassium 
carbonate, and Na 2 C0 8 , sodium carbonate. 

Exp. 192 Pass caibon dioxide to satuiation into a solution of 
caustic soda, and then evapoiate down to diyness on a water-bath. A 
icsidue will be obtained consisting of the monohydrated normal 
caibonate of soda, Wa 2 C0 3 ' H 2 

Dissolve as much as possible of this in hot watei and allow to cool , 
ciystals of Na 2 C0 3 ' 10 1I 2 will be foimed. This is the product known 
as "soda cry&tals," and used as washing soda. 

On very gently warming a quantity of soda crystals, or 
preferably Na 2 C0 8 ' H 2 0, in an atmosphere of carbon 
dioxide, the salt takes up C0 2 and is transformed into the 
bicarbonate, NaHC0 8 

]STa 2 C0 3 - H 2 + C0 2 = 2 NaH00 3 . 

Exp. 193 Heat in a poicelam basin over the Bunsen flame a few 
gi amines of dry bicarbonate of soda ; carbon dioxide will be given off, 
and the normal carbonate reproduced 

2 NaHC0 3 = NajjC0 3 + C0 a + H 2 0. 
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The carbonates and bicarbonates of the alkali metals are 
obtained by means of such reactions , they are soluble in 
water. The carbonates of other metals aie insoluble m 
water, but the bicaibonates are soluble Thus CaC0 3 is 
insoluble, but CaH 2 (C0 3 ) 2 is soluble. 

The insoluble carbonates may be obtained (1) by the 
addition of alkaline carbonates to a soluble salt of the 
metal 

Na 2 C0 3 + Ba01 2 = BaC0 3 + 2 NaCl , 

(2) by passing carbon dioxide into a solution of the hydrate 
CaH 2 2 + C0 2 = CaC0 3 * + H.O. 

Weak bases such as alumina, oxide of silver, and oxide of 
mercury either form no carbonates or very unstable ones, 
and the normal carbonates of the alkali metils are the only 
ones which withstand a high temperature without decom- 
position. All other carbonates when heated give off carbon 
dioxide and form an oxide of the metal (except ammonium 
carbonate which decomposes into ammonia, carbon dioxide 
and water). 

313. Test for Carbonates. Add dilute hydrochloric acid 
to the solid carbonate, or an aqueous solution of a carbonate 
in a test-tube. An effervescence will be observed, and on 
decanting the gas downwards into a second tube contain- 
ing lime-water, and shaking up, a turbidity will be pro- 
duced in the lime-water owing to the formation of calcium 
carbonate. 

Distinction between Normal Carbonates and Bicarbon- 
ates. The test just given applies to both normal carbonates 
and bicarbonates, If, however, the carbonate is insoluble 
in water, it must be a normal salt. If it is soluble the 
following tests will decide to which class it belongs ; 

(1) Add magnesium sulphate to the solution. Normal 
carbonates give an immediate white precipitate ; bicarbon- 

* Excess of C0 a transfoims tins into the soluble bicarbonate 
CaC0 3 -f E,0 + C0 2 = CaH 2 (C0 3 ) 2 . 
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ates only give a precipitate on boiling. (How <lo you 
explain this difference'^) 

(2) Boil tlie solution. Bicarbonatcs evolve carbon 
dioxide with effervescence , normal carbonates do not 
undergo decomposition. 

CAKEON BISULPHIDE, OS 2 . 

314. This compound occurs in traces in coal gas, and is 
formed in quantity when sulphur vapour is passed over 
red-hot charcoal. It is a colourless liquid, which refracts 
light strongly; it is very volatile, boiling at 46 and 
giving off a very inflammable vapour. When pure it has a 
sweetish, ethereal smell, but usually the impurities which it 
contains render It very disagreeable. One of its most 
remarkable properties is its solvent action; india-rubber, 
fats, and some of the non-metallic elements such as 
phosphorus, sulphur and iodine, which are otherwise 
difficult to obtain in solution, are readily dissolved by 
bisulphide of carbon, 

In consequence of its high refractive power for light, it 
is frequently employed as a means of producing a spectrum, 
the liquid being introduced into a hollow glass prism. 

CS 2 is the analogue in composition of 00 2 , and thiocar- 
bomc acid (H 2 CS 3 ), the analogue of carbonic acid (H 2 C0 3 ) 
is known 9 OS corresponding to CO has also been obtained. 
Thus a number of bodies are known containing sulphur in 
place of oxygen, the sulphur compound resembling the 
corresponding oxygen compound in chemical properties. 



QUESTIONS CHAPTER, XXIII. 

Mention some conditions under which carbon monoxide 

is produced during the combustion of fuel on the 

large scale 
You desire to collect a specimen of CO as free as possible 

from air or CO 2 , using oxalic acid as the soui ce of the 

gas ; how would you proceed ? 
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3, What is the action of sulphuric acid on potassium 
formate 1 ? Give the equation. 

4 What is the action of dilute and of concentrated 

sulphuric acid on potassium feriocyamde 1 

5 How may CO be transformed into C0 2 and C0 2 into C<3 1 

6 What is t generator gas," and how is it made ? How 

would you show that it contains (a) CO, (b) CO 2 , 
(a) H* 

7 What is water-gas^ and how is it manufactured 1 

8 It has been shown that chemical action undergoes 

modification when the reacting sub&tances are 
perfectly dried , give instances of this 
9. How would you prove that carbon monoxide has the 

composition indicated by the formula CO 1 
10. What experiments would you perform 111 order to 
distinguish between 

(a) CO and C0 2 ; 

(6) C0 2 and a mixture of CO and C0 2 containing 

large excess of C0 2 ; 
(c) CO and a mixture of CO and C0 2 containing 

large excess of C0 1 

11 Write a short history of carbon dioxide. 

12. Describe the reactions which take place when sodium 

bicarbonate (NaHC0 3 ) and lead carbonate (PbCO s ) are 
respectively subjected to the action of heat, and when 
they are brought into contact with dilute mtiic acid. 

13. Write down in separate columns (a) the physical, (b) 

the chemical properties of carbon dioxide 

14. Give two methods for the decomposition of carbon 

dioxide. 

15. How may it be demonstrated that carbon dioxide has 

the formula C0 2 1 

16. Are there any grounds for the assumption that H C0 3 

represents the composition of carbonic acid ? 

17. How are carbonates in general formed? Given metallic 

zinc, lime and caustic potash, how would you prepare 
specimens of zinc carbonate, calcium carbonate and 
potas&ium carbonate] 
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18. By what tests can normal carbonates be distinguished 

from acid carbonates ? 

19. What are the characteristic properties of bisulphide of 

carbon? What are the products formed, and their 
relative volumes, when this body is burnt in oxygen? 

20. 15 c.cs. of carbon monoxide weie exploded with 20 c cs. 

of oxygen. After treating the product with excess 
of caustic potash 12*5 c cs. of gas remain Deduce 
from this the formula for carbon monoxide assuming 
carbon dioxide to be represented by G0 2 , 



CHAPTEE XXIV. 

SILICON AND BORON. 

315 THESE two elements, together with carbon, closely 
reseniblo each other in many of thoir properties Thus u.11 
of them exhibit allotropic modifications, one at least of 
which is crystalline and possesses a pronounced lustre; also, 
they aie all very infusible, Each of them combines directly 
with oxygen to form an oxide posseting feebly acidic 
properties, but the union only takes place at high tempera- 
tures, especially m the case of the ciybtallme modifications 



SILICON, Si. 

316. Occurrence Silicon, occuning in combination with 
oxygen as silica (Si0 2 ), is widely distributed, and foims 
the predominant constituent of many minerals and rocks, 
Quartz, agate and kieselgnhr (a finely-divided siliceous 
material of organic origin) are essentially pure silica, whilst 
sandstone must be regarded as silica associated with varying 
quantities of oxide of iron, or alumina, Shale or clay 
consists of silica and alumina in moie or less definite 
propoitions, and a large body of mineral silicates of common 
occurrence, such as felspar, serpentine, steatite, are very 
rich in silica. The element silicon is not found in the free 
state, and is not easy to isolate from its compounds, so that 
although it constitutes nearly one-fourth of the mass of the 
earth's crust it is yet a substance rarely met with even in 
the laboratory, 

350 
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317 Preparation Silicon is obtained by the action of 
sodium, potassium, or aluminium on silicon tetraclilonde 
(SiCl 4 ), or on potassium silicofluoride ( 2 SiF ), in an atmo- 
sphere of hydrogen, or under such other conditions as to 
exclude oxidation 

SiCl 4 +4K =4 KOI + Si. 
K 2 SiF 6 + 4K =6 KF + Si. 

The residue is washed free from the potassium salts, which 
are readily soluble in water, and the silicon remains usually 
as a brown, amorphous powder. 

Amorphous silicon is also obtained by heating sand and 
magnesium powder together in a glass tube when the 
magnesium combines with the oxygen of the silica and 
sets free silicon 

Si0 2 + 2 Mg = Si + 2 MgO 

After cooling, the magnesium oxide is dissolved out from 
the mass by dilute hydrochloric acid, leaving a residue of 
silicon. Crystallised silicon is best piepared by heating 
sodium silicofluoride (Na 2 SiF 6 ) with sodium and zinc. The 
silicon set free by the action of sodium on the silicofluoride 
dissolves in the molten zinc, and, on cooling, separates out 
in needle-shaped crystals. To remove the zinc, the mass is 
treated with dilute hydrochloric acid ; the sodium fluoride 
dissolves out at the same time. 

318. Properties. Amorphous silicon is a brown powder 
which can on]y be fused and volatilised at the temperature 
of the electric furnace. It burns on heating in air with 
formation of silica (Si0 2 ). The only acid in which it 
dissolves is hydrofluouc'acid; hydrogen is evolved and 
hydrofLuosilicic acid (H 2 SiF 6 ) is formed 

Si + 6 HF = H 2 SiF 6 + 2 H 2 . 

Silicon is also dissolved by hot caustic potash solution 
with formation of potassium silicate and evolution of 
hydrogen 

Si + 2 KOH + H 2 = K 2 Si0 3 + 2 H 2 . 
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Silicon combines directly with fluorine at the ordinary 
temperature with incandescence, foimmg silicon tetra- 
fluoride (SiF 4 ) ; it combines with chlorine on heating, 
yielding silicon tetrachloride (SiCl 4 ) 

Crystallised Silicon is a veiy hard substance crystallising 
in dark-red rhombic octahedra ; its specific gravity is 
considerably higher than that of amorphous silica. It does 
not burn in air even at very high temperature, but behaves 
towaida fluonne and chlonne just as amorphous silicon 
does It is insoluble in any single acid, but dissolves 
in a mixture of hydrofluoric and nitric acids. 



SILICON DIOXIDE (Silica), Si0 2 . 

319 This is the only known oxide of silicon. It occurs 
iti the crystalline form as quartz and tridymite, and in the 
amorphous foim as opal, flint, and agate. It may also be 
piepared from certain mineral silicates, or silicates of the 
alkalies, by treating them with hydrochloric acid. It 
separates at first in the gelatinous form containing water, 
and if this gelatinous silica be heated the water is expelled, 
and anhydrous silica remains. 

In the anhydrous condition, or in the mineral form, 
silica is unattacked by acids, with the exception of hydro- 
fluoiic acid; it can, however, be brought into solution 
again by fusion with alkaline carbonates. 

Exp, 194. Mix thoroughly together silica and about four tunes its 
weight of potassium carbonate, and heat in a platinum ciucible 
over the flamo of a Bunsen burner Piesently the mabs swells up and 
evolves large quantities of carbon dioxide 



K 2 C0 3 + Si0 2 = K 2 SiOo + C0 2 . 
Potassium silicate. 

After heating for ahout half-an-hour, allow to cool, and extract with 
water, filtering off any insoluble matter (unattacked silica) which 
remains. The solution contains potassium silicate, together with 
potassium carbonate, which has been used in excess. Add strong 
hydiochlonc acid to the solution until a maiked acid reaction is 
obtained. If the solution be sufficiently concentrated, a flocculent 
precipitate of silica will be obtained. If, however, the solution be 
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dilute, no immediate precipitate is obtained, though one may separate 
on standing 01 by boiling From such a solution a soluble form of 
silica may bo piepaied, as desciibed in the next expenment. It is 
probable that the solution contains the compound IJ 4 Si0 4 called ortho- 
si&cic acid, but this acid has never been isolated. If the solution i& 
left to evapoiate MI vacuo a translucent mass is left having the com- 
position H 2 Si0 3 and teimed metasihcic acid It is tasteless and 
possesses only a very feeble acid i eaction 

Exp. 195. The solution contains potassium chloride, free hydro- 
chloric acid aud silica 
Make a shallow dish by 
binding parchment paper 
over a hoop of tin or 
gutta-percha, float this 
on a considerable body 
of water (Fig. 76), and 
pom the liquid into it. 
The potassium chloride 
and hydrochloric acid 
will slowly pass thiough 
the membiane and diffuse 
into the water, while the 
silica will lemam behind 
in solution in the dish. FIG. 76. 

Sugar, salt and such bodies behave like potassium 
chloride, and readily pass through such a membrane, whilst 
white of egg, caramel and the like only do so extremely 
slowly. The former, from the fact that they are mostly 
crystalhsable bodies, have been termed crystalloids, and the 
latter, from their gelatinous and amorphous nature, colloids 
Silica is a colloid, and by means of this experiment it may 
be separated from such substances as common salt and 
potassium chloride, and obtained in solution. Under these 
circumstances we obtain silica in a form in which it is 
soluble in water. 

There is, however, a third modification intermediate 
between these two, for when silica is freshly precipitated 
in the cold, it may be redissolved by the addition of dilute 
hydrochloric acid 

On standing, and more rapidly when boiled, this foim 
becomes much less soluble, and ultimately passes into the 
insoluble variety. 

M. CHEM. A A 
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To sum up we have 

(1) Mineral silica (crystalline or amorphous) and an- 
hydrous silica insoluble in and unattacked by the ordinary 
acids, with the exception of hydrofluoric acid. * 

(2) Gelatinous silica, soluble in dilute acids. 

(3) Dialysed silica, soluble in -water. 

320. The Silicates. These salts are chiefly interesting 
from the fact that they are largely represented in the 
mineral kingdom ; the following list indicates some of those 
of more common occurrence : 

(1) Silicates of magnesium. 

Olivme, Mg a Si0 4 , or 2 MgO Si0 2 . 

Talc, Mg 3 H 2 & 4 12 , or 3 MgO H 2 4 Si0 2 . 

Serpentine, Mg 3 Si 2 7 , or 3 MgO 2 Si0 2 

(2) The Felspars 

Orthoclase, KAlSi a 8> or K0 Al A 6 Si0 9 
(= 2 KAlSi 3 8 )* 

Albite, ]STaAlSi 3 8 , or Na 2 AL0 3 6 Si0 2 
2 NaAl 



Anorfchite, CaAl 2 Si 2 8 , or CaO A1 2 O 3 2 Si0 2 . 
and the decomposition product of the felspars 

Kaolin, H 2 Al 2 Si 2 8 , or H 2 - A1 2 8 - 2 SiO 2 . 
A glance at this list is sufficient to show that the com- 
position of the silicates is often very complex. With the 
exception of those of the alkalies they are all practically 
insoluble in water, and for the most part they can only be 
brought into solution either by treatment with hydrofluoric 
acid or by fusion with alkaline carbonates. 

BOEON. 

321. Occurrence. Boron is not found free in nature; 
its chief naturally-occurring compounds are boric acid, 
H 3 B0 3) tincal or native borax, Na 2 B 4 7 + 10 H 2 0, lorocaleite, 
and boraeite, 2 Mg 3 B 8 15 + MgCl a . 
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Preparation Boron is prepared by reducing its oxide, 
B 2 8 , by means of sodium, potassium, or magnesium in 
an atmosphere of hydrogen 

B 2 3 + 6 Na = 3 Na 2 + 2 B. 

It is also obtained by the action of metallic potassium on 
boron trifluoride, BF 3 , or on potassium fluoborate, K.BF 4 
(heat being required in the latter case) 

3 Z + BF 3 - B + 3 KF. 
3 K + KBF 4 = B + 4 KF, 

Properties. Prepared by these methods boron is an 
amorphous brown powder, which is very difficult to fuse 
and not readily oxidised ; on strongly heating in air, 
however, it burns s forming boron trioxide, B 2 8 , and boron 
nitride, BN. 

Nitric acid and hot strong sulphuric acid both oxidise 
boron, tbe latter converting it into boron trioxide and the 
former into the corresponding acid, H 3 B0 3 

B + 3 H]Sr0 8 = H S B0 3 4- 3 N0 2 . 
2 B + 3 H 2 S0 4 = B 2 8 + 3 H 2 + 3 SO 2 . 

The water produced in the latter reaction is taken up by 
the excess of sulphuric acid. 

On fusion with the hydroxides or various salts of the 
alkali metals boron is also oxidised to boric oxide, which 
combines with the hydroxide to form a borate 

2 B + 6 "KOBE = 2 K 3 B0 3 + 3 H 2 . 

Like other non-metals, it is a bad conductor of electricity. 

When mixed with aluminium, exposed to a white heat, 
and allowed to cool, the crystalline form of boron is 
obtained, the aluminium being removed by treatment with 
caustic soda. Prepared in this way it is, however, always 
associated with small quantities of carbon and aluminium. 

322. Boron Trioxide, B 2 3 . This and the boric acid and 
borates derived from it are the most important of the 
boron compounds. The oxide is formed when boron is 
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burnt in air, but is usually prepared by heating boric 
acid to a high temperature 

2 H 3 B0 3 = B 2 8 + 3 ET 2 0. 

Water is driven off and there remains a glassy-looking 
mass which when powdered combines slowly with water, 
forming boiic acid (H 8 B0 3 ) again. 

323. Boric Acid, Orthoboric Acid, or Boracic Acid, 

H 3 BO S The jets of sfceam, or suffiom, issuing from cracks 
in the ground in the volcanic regions of Tuscany contain 
a small quantity of boric acid. The dilute solution obtained 
by the condensation of the steam is concentrated in pans 
which are heated by some of the jets of steam. On cool- 
ing, impure boric acid crystallises out. Boric acid is also 
manufactured from tmcal, which is decomposed by hot 
concentrated hydrochloric acid 

Na 2 B 4 O r + 2 HC1 + 5 H 2 = 4 H 3 B0 3 + 2 NaGL 
On cooling the acid separates out in thin laminae. 

Exp. 196 Add concentiated hydrochloric acid to a hot strong 
solution of borax (Na 2 B 4 07 + 10 H 2 0). Allow to cool , filter off the 
crystals of boiic acid which separate out and wash them with a little 
cold water Note the soapy feel of the crystals. 

324. Properties. Boric acid is a crystalline solid slightly 
soluble in water and volatile in steam. It is a very weak 
acid which, like carbonic acid, gives with litmus a wine-red 
colour quite distinct from the bright red resulting from 
such acids as hydrochloric and sulphuric. Boric acid dis- 
solves in alcohol and, on igniting, the alcohol burns with 
a green flame, due to the volatilisation of some of the acid. 
Its solution colours turmeric paper brown, and on drying 
and adding alkali the stain turns black. 

On heating to 100 boric acid loses water and is con- 
verted into metaloric acid, H 2 B 2 4 , and on further heating 
to 140 0. more water is lost and pyroboric acid, H 2 B 4 O 7 , is 
formed 
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2 H 3 B0 3 = HJi,0 4 + 2 R,0. 
2 H 2 B 2 4 = HgBj> 7 + H 2 CX 

At a still higher temperature the remaining water is 
driven off, leaving boron tnoxide or boric anhydiide 



H0. 



ftTJESTIOBTS, CHAPTER XXIV. 

1. Mention any natural forms of silica either in the free 

state or in combination. 

2. How are amorphous and crystalline silicon respect- 

ively prepared 1 With what elements does silicon 
combine directly? 

3. Compare the properties of amorphous and crystalline 

silicon. 

4. Tinder what circumstances is gelatinous silica obtained, 

and how may it be converted into the anhydrous form 
of silica 1 

5. How may a solution of silica be prepared and separated 

from any sodium chloride which may be associated 
with it? 

6. Give a general description of the silicates, pointing out 

any characteristic properties which they possess 

7. Give two methods by which boion may be prepared 

What is the action of the following substances on 
boron: (1) nitric acid, (2) sulphuric acid, (3) caustic 
potash ? State the conditions under which the action 
takes place in each case and give equations, 

8. Compare the allotropic forms of carbon, silicon and 

boron. 

9. In what minerals does boron occur, and how may 

boric acid be obtained from these minerals? 
10. What is the action of heat on boric acid? 
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PHENOMENA OF ELECTROLYSIS. 

325. SOME examples of Electrolysis have already been met 
with incidentally in the preceding chapters, but the more 
obvious phenomena of electrolysis should be studied more 
systematically. In the following explanations some know- 
ledge of the elements of electricity is assumed. 

Electrolysis of Copper Sulphate, Fig. 77 represents dia- 

grammatically a simple ex- 
periment to illustrate electro- 
lysis. PQQ'P* is a vessel 
containing a solution (in 
water) of copper sulphate. 
Immersed in the liquid are 
two platinum plates, Ah and 
Kl These plates are con- 
nected by wires to the two 
poles of an electric battery 
LH& Grove battery of two 
or three cells answers admir- 
ably. The "current" is 
assumed to flow in the 
direction represented by the 
arrows, viz. from E (the 
positive or copper pole of 
the battery) to A, down the 
plate Ah t through the liquid, 
up the plate 1, from: JTto L 
(the negative or zinc pole of 
the battery), and back to H through the battery* 
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During the passage of the current chemical action takes 
place in the copper sulphate solution. Copper is deposited 
as a thin layer on the plate Kl, a gas is liberated at the 
plate All (which can bo collected and shown to be oxygen), 
and sulphuric acid gradually accumulates in the liquid. 

Such an action the decomposition of a liquid by an 
electric ^current is called electrolysis, and the liquid is 
called the electrolyte. The vessel PQQ'P is called the 
electrolytic cell. The two plates Ah, Kl are called the 
electrodes The plate Ah, by which the current enters 
the cell, is called the anode, or the positive electrode. The 




FIG 78. 



plate Kl, by which the current leaves the cell, is called 
the kathode, or the negative electrode. Note that the posi- 
tive electrode is coupled with the positive pole of the 
battery, and the negative electrode with the negative pole. 

The following explanation of the phenomenon just 
described is at present generally accepted. 

It is supposed that when copper sulphate (CuS0 4 ) is 
dissolved in water, some (in dilute solution the greater 
part) of the molecules are dissociated into two "ions." 
The one ion is the atom Ou, and the other is the group of 
atoms S0 4 , which is called sulphion. The ion Cu is supposed 
to carry a positive charge of electricity and the ion S0 4 
a negative charge. When the electrodes are intiocluced into 
the liquids they attract the charged ions ; the negative elec- 
trode attracts the positively charged ions, i.e. the copper ions, 
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and the positive electrode attracts the negatively charged 
ions, 'i e the sulphions This is in accordance with the ordin- 
ary law of electric attraction . There is consequently a stream 
of Cu ions proceeding towards the negative electrode, and a 
stream of S0 4 ions proceeding towards the positive electrode. 
This is represented diagrammatically in Fig. 78, in which 

Ou stands for a positively charged copper ion, and S0 4 
stands for a negatively charged sulphion. 

When a Cu ion reaches the negative electrode it gives up 
its electric charge, and is deposited on the electrode as a 
thin film. At the same time an S0 4 ion reaches the positive 
electrode and gives up its charge. An uncharged sulphion 
is, however, incapable of a separate existence, and im- 
mediately reacts with the water in contact with the positive 
electrode, with formation of sulphuric acid and liberation 
of oxygen. 

2 S0 4 + 2 H 2 O a 2H 2 S0 4 + 2 . 

The ion Ou, which is attracted to the kathode, is called 
the katkion; and the ion SO^, which is attracted to the 
anode, is called the anion. 

326. Electrolysis in General. This process of electrolysis 
is very general in its application. All acids, alkalies and 
salts in the liquid state are electrolytes (whether naturally 
liquid or liquefied by heat or solution) ; that is to say, 
they will be decomposed by an electric current. In the 
case of salts, the kathion always consists of the atom or 
atoms of metal in the molecule, the remainder of the mole- 
cule forming the anion. In the case of acids, the kathion 
consists of the atom or atoms of hydrogen in the molecule. 

The properties of these ions are different from those of 
the substances as we ordinarily know them ; e. g ionic 
sodium does not decompose water. But when the ions reach 
the electrodes their charge is neutralised, and they resume 
their normal chemical properties. Hence it frequently 
happens that further chemical action takes place at one or 
both electrodes between the discharged ions and the liquid 
or the metal of which the electrodes are composed. 
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327. Electrolysis of Water. Pure water does not con- 
duct elcctucity, but when an acid, base or salt is dissolved 
in it, it becomes an electrolyte. 

4 An experiment in which water acidulated with dilute 
sulphuric acid is decomposed by the electric current has 
alieady been described in 82 The part played by the 
sulphuiic acid is explained as follows The acid on solu- 
tion dissociates into tlnee ions, two of hydrogen (H) and 
one of sulphion (S0 4 ). The H ions carry positive charges 
of electricity and the S0 4 ion a negative charge. On 
passing tho current, the H ions are attracted to the negative 
electrode, where they give up their charge and acquire the 
properties which we ordinarily associate with hydrogen. 
One of these is that free atoms of hydrogen cannot exist 
separately; they therefore combine to form molecules, in 
which form the gas passes off and may be collected. The 
sulphions are attracted to the positive electrode, and after 
giving up their charges undergo a secondary reaction with 
water with liberation of oxygen, as already described in 
the previous paragraph. 

I Let us start with, say, two * molecules of sulphuric acid, 
and trace the changes which they undergo. We may 
represent the primary change which takes place on passing 
the current by the equation 



2 H 2 S0 4 = 2 H 2 + 2 i 

volved at the kathode aiic 
icts with water thus 

2 S0 4 + 2 H 2 = 2 H 2 S0 4 + 2 . 



The 2 H 2 is evolved at the kathode and the 2 S0 4 liberated 
at the anode reacts with water thus 



The O 2 is evolved at the anode. 

We therefore finish with the same amount of sulphuric 
acid with which we started, i. e. 2 molecules, and the net 
result of passing the current has been to break up two 
molecules of water into two molecules of hydrogen and one 
molecule of oxygen. The same result would have been 

* Two molecules are used instead of one to avoid writing an a&nn 
of oxygen in the second equation, 
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arrived at if we had taken any other number of sulphuric 
acid molecules, from -which it follows that the amount 
of sulphuric acid in the cell remains unchanged, and the 
gases ultimately liberated are the constituents of pure 
\vater. 

328. Electrolysis of Hydrochloric Acid If strong 
hydrochloric acid be substituted for dilute sulphuric acid 
the ions are hydiogen and chlorine. On passing the cur- 
rent, hydrogen at once appears at the kathode, but no 
chlorine makes its appearance, for two reasons : firstly, 
because chlorine is soluble in the acid solution; and, 
secondly, because the chlorine, while still in the condition 
of free atoms (nascent chlorine), attacks the platinum 
anode, converting it into the soluble platinum chloride 
(PtCl 4 ). If the anode be a plate of gas carbon, on which 
chlorine, even when nascent, has no action, and if the 
solution be saturated with chlorine beforehand, hydrogen 
and chlorine appear in equal volumes, as we saw in 
Exp. 123 

329. Electrolysis of Solutions of Alkalies. When 
caustic soda (ISTaOH) dissolves in water it separates into 
the two ions, sodium and hydroxyl (OH). On passing a 
current through the solution the foimer is liberated at the 
kathode and the latter at the anode. Neither of these, 
however, appears, because of secondary actions, the sodium 
immediately decomposing water with evolution of hydrogen 
and re-formation of caustic soda, and the hydroxyl breaking 
up into oxygen, which escapes, and water, which remains. 
Considering the changes which four * molecules of NaOH 
undergo we have as the primary change on passing the 
current 

4 NaOH = 4 Na + 4 OH. 

The following secondary changes then take place. At the 
kathode 

4 Na + 4 H 2 - 4 NaOH + 2 H 2 . 

* Four molecules are used for a similar reason to that referred to in 
the foot-note on p. 361. 
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At the anode 

4 OH = 2 ILp + 2 . 

The net result is that the amount of caustic soda remains 
unchanged and water is decomposed into hydrogen and 
oxygen. It will, therefore, bo seen that the electrolysis of 
dilute sulphunc acid and of caustic soda solution both 
bring about the same result, namely, the decomposition 
of water. 

330. Electrolysis of Solutions of Salts, TIere the 
immediate products of the decomposition (ions) are the 
metal and the acid radicle S0 4 , 01, T0 3 , etc. the 
former, like the metal of an alkali and tho hydrogen of 
an acid, always going to the kathode, and the latter always 
going to the anode when the current is passed. But 
whether these ions actually appear or not after giving up 
their charges to the electrodes, depends upon the nature of 
the ions and the presence or absence of secondary actions 
between them and the liquid or tho electrodes. Except m 
the case of those metals which decompose water at the 
ordinary temperature (ISTa, K, and a few others), the metal 
is always deposited on the kathode ; but, except in the case 
of some of the hydracids (HOI, HI, etc ), the acid radicle 
rarely appears as such, even if no action takes place 
between it and the anode. In the case of sulphates, as we 
have seen, the acid radicle SO A reacts with water forming 
sulphuric acid, with liberation of oxygon. In the case of 
nitrates the radicle N0 3 behaves in a similar manner, 
yielding nitric acid and liberating oxygen 

4 N0 3 + 2 II 2 - 4 HN0 3 + 2 . 

If a solution of zinc sulphate (ZnS0 4 ) be electrolysed 
between platinum electrodes, zinc is deposited on the 
kathode, and for every atom of zinc deposited an atom of 
oxygen is liberated at the anode and a molecule of sulphuric 
acid goes into solution. But if a plate of zinc replace the 
platinum anode, the S0 4 group, instead of reacting with 
water, simply combines with the zinc to form ZnS0 4 . 
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Then for every molecule of ZuSO ti decomposed, and for 
every atom of zinc deposited at the kathode, an atom of 
zinc is dissolved and a molecule of zinc sulphate re-formed 
at the anode \ so that the kathode gains exactly as mu$h 
zinc as the anode loses, and the average composition of the 
solution remains unaltered. 

With copper sulphate (CuS0 4 ) electrolysed between 
copper electrodes the action is less simple. Copper is 
deposited on the kathode, but at the anode some of the 
S0 4 directly unites with the copper to re-form copper 
sulphate, and some reacts with water forming sulphuric 
acid, with liberation of oxygen. And of this oxygen 
some escapes, while some unites with the copper to form 
copper oxide (CuO), which in part incrusts the plate, and 
in part dissolves in the acid to re-form copper sulphate 

CuO + H 2 S0 4 = CuS0 4 + H 2 O. 

331. Electro-chemical Equivalents. If the same cur- 
rent be sent successively through several electrolytic cells 
containing solutions of salts of different metals, all those 
metals will be deposited in amounts proportional to their 
chemical equivalents 

Take three electrolytic cells containing respectively 
(a) acidulated water, (5) a solution of silver nitrate, (c) 
a solution of copper sulphate. Connect them in series with 
a battery so that the whole current passes through each 
cell in succession. Find the weight of hydrogen liberated 
in (a), of silver deposited in (&), and of copper deposited 
in (c). Suppose these weights are respectively '01 038 
gramme, 1*112 grammes, and 0-3281 gramme. 

"We can now determine the weight of silver and of copper 
deposited for each gramme of hydrogen liberated. Thus 

1-112 4- 01038 = 107 1 for silver. 
0-3275 - 01038 = 31-55 for copper. 

Such numbers may be termed the Electro-clmnical 
Equivalents. A more complete list is given in the following 
table, together with the atomic weights ; 
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Table of Electro-chemical Equivalents, together with 
Atomic Weights. 

Gt>ld ... Equivalent 65 '2 

Silver .. 1071 

Copper .. 31 55 

Mercury 99'25 and 198-5 

Tin ... 295 and 590 

Iron ... 18-5 and 2T 75 

Zinc . 32-45 

Lead ... 1027 



..At. Wt, 1957 

.. ,, 107-1 

.. 63-1 

.. 198-5 

. 118-1 

. 55-5 

,. 649 

,. 2053 



An examination of the table shows 



(1) That the electro-chemical equivalent is either equal to 
the atomic weight or some definite fraction of it ; 

(2) That in some cases the same element gives more than 
one value In these cases the values are found to corre- 
spond with the equivalent of the element in the particular 
compound electrolysed. 

It was also found by Faraday, by whom these relation- 
ships were discovered, that the amount of an element de- 
posited bears a definite proportion to the amount of the 
current of electricity. These facts are embodied in what 
are known as Faraday's Laws of Electrolysis : 

(1) The quantities of the elements deposited in the same 
circuit are chemically equivalent , 

(2) The quantities deposited are proportional to the 
current. 

332. Useful Applications. Electro - deposition. The 
principle of electrolysis has many useful applications in the 
arts. One of the oldest of these is the process of electro- 
plating. Here the object to be plated is thoroughly cleaned 
and slightly roughened, and made the kathode of an 
electrolytic cell, the anode being a plate of the metal to 
be deposited, and the electrolyte a solution of a salt of 
that metal, the current being supplied by a battery or 
dynamo. A thin and firmly adherent film of the metal 
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gold, silver, nickel, or what not is deposited on the 
article to be plated, and the strength of the solution is 
kept up by the action of the electrolyte on the anode. 
Compare with this the above description of the electrolysis 
of zinc sulphate, when a zinc anode is used. 

The most important electro-plating industry is electro- 
silveriny. In this case the salt is a double cyanide of 
silver and potassium, the " bath " being prepared by dis- 
solving one part (by weight) of silver cyanide and two of 
potassium cyanide in 40 of distilled water. The current is 
maintained until the deposit amounts to about one ounce 
per square foot, which corresponds to a thickness of about 

wo inc]l - 

Electro-gilding is the art of coating objects with gold 
The bath is a solution of the double cyanide of gold and 
potassium. The details are similar to those for electro- 
silvering, except that the current employed is weaker and 
the deposit thinner. 

"Ejlectro-nickeling is the art of coating objects (usually of 
steel, such as the handle-bars of bicycles) with nickel. The 
bath is a slightly acid solution of the double sulphate of 
nickel and ammonium. A good coat consists of about 
ounce per square foot, which represents about yyjnj- i^ch ^ n 
thickness. 

'Electro-coppering is the easiest of all the plating processes. 
The bath is simply a strong and very slightly acid solution 
of copper sulphate. When won is the metal to be coppered 
the simple copper sulphate bath is unsuitable, because the 
sulphate would be rapidly decomposed by the iron ; in this 
case the bath consists of an alkaline solution of the double 
tartrate of copper and sodium obtained by adding excess of 
sodium hydroxide to a solution of copper sulphate and tar- 
taric acid. 

In ekctrotyping, the object is to produce not a thin 
adherent coat, but a thick one, which may be readily 
detached from the mould which serves as the kathode, and 
which reproduces, with the utmost fidelity, all the form 
and relief of the original article. Engraved wood blocks, 
for instance, are thus reproduced in copper. A mould is 
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first prepared in gutta-percha, plaster of Paris, or some 
other substance. The face of this mould is then black- 
leaded to form a conducting film, and the mould is hung in 
a solution of sulphate of copper, in which it becomes the 
kathode, the anode being a sheet of copper suspended in 
the solution. When the deposited copper forms a layer 
of sufficient thickness it is removed from the mould, 
backed with type metal, and mounted type-high on a wood 
block. 

333. Electrometallurgy. Many metals are now eco- 
nomically extracted from their compounds by electrolysis- 
sodium, for instance, the electrolyte being caustic soda 
melted by heat. Sodium and hydrogen separate at the 
kathode, the latter being allowed to escape, and oxygen 
at the anode. Aluminium is similarly obtained by the 
electrolysis of alumina dissolved in a bath of molten 
fluorides of aluminium, sodium and calcium. Crude 
copper is also economically refined by using it for an anode, 
and re-depositing it in a state of purity upon rods or sheets 
of copper which serve as kathodes. In these cases the 
current is derived from a dynamo driven by steam- or 
water-power. 



QJJESTIONS. CHAPTER XXV 

1. Describe what you would observe when a current of 

electricity is passed through aqueous solutions of the 
following substances, using platinum electrodes: 
(1) copper sulphate ; (2) sulphuric acid ; (3) caustic 
potash. 

2. Explain the meaning of the terms electrolysis, ion, 

anode, kathode. 

3. What do you understand by an electrolyte 9 Describe 

and explain as far as you can what takes place when 
an electric current is passed through (i) a solution of 
caustic soda, (li) fused caustic soda. 



368 PHENOMENA OF ELECTROLYSIS 

4. Give an account of three different cases of preparing 

chemical elements by electrolysis, with the pre- 
cautions to be taken for collecting the products. 

5. Describe and explain what takes place when a current 

of electricity is passed through a solution of zinc 
sulphate between platinum electrodes. 

6. The same electric current is passed through solutions of 

copper sulphate and stannic chloride. What will be 
the relationship between the weights of metals 
deposited, and what laws do they illustrate ? 

7. Give Faraday's Laws of Electrolysis, and explain how 

you would prove them. 

8. Describe a method of determining the electro-chemical 

equivalent of copper Explain the meaning of the 
term. 

9. Write a short account of the applications of the 

principle of electrolysis which have been made in 
the arts. 



CHAPTER XXVI. 

MODES OF FORMATION OF SALTS. 

334. Definitions of the Term " Salt 3 ' In Chapter XII 
we defined a salt as a substance produced by leplacing the 
hydrogen of an acid by a metal. We may now, in the light 
of the electrolytic theory discussed in the previous chapter, 
give another definition, viz, a salt is a substance which 
when dissolved m water breaks up more or less completely 
into two ion?, one of which is a metal or group of elements 
equivalent to a metal (e g t NH 4 ), and the other a non-metal 
or a non-metallic radicle (, g. S0 4 ). This definition includes 
both acids and bases/ as well as the substances which are 
usually termed salts, for in a solution of an acid the hydio- 
gen acts as a metallic ion, and m a solution of a base the 
hydrosyl radicle constitutes the non-metallic ion, An 
example will illustrate the relation between the three 
classes of bodies 





Metallic ion 


Non-metallic ion 


Nitiic acid, 


H 


rib, 


Caustic potash, 


K 


OH 


Potassium mtiate. 


K 


rib, 



* Oxides are of course not included, Some chemists, however, 
restrict the teim lase to metallic hydi oxides. 
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335 Modes of Formation of Salts. Many examples of 
the various ways in which salts are formed have been 
given in the foregoing pages, "We shall now collect these 
methods together and classify them. 

Method 1. Direct Union of a Metal and a Non-metal. 
This method is largely employed for the production of the 
anhydrous salts of the halogen acids, since most metals 
unite directly with the halogens. "When the metal forms 
two salts, one containing a higher percentage of halogen 
than the other, it depends upon the relative masses of the 
metal and the halogen which react, whether the higher or 
the lower salt is formed. Iron, for instance, yields feme 
chloride (FeCl 3 ) with excess of chlorine ; but if the iron is 
in excess, f errows chloride (Fe01 2 ) is formed 

2 Fe + 3 C1 2 = 2 Fe01 3 . 
Fe + C1 2 = FeCl, 

Similarly, tin yields stannic chloride (SnCl 4 ) or stannous 
chloride (Sn01 2 ), according as chlorine or the metal is in 
excess 

Sn + 2 C1 2 = SnCI^ 

Sn + C1 2 - SnCl 2 

The combination of mercury and iodine affords another 
example, Hgl^ or Hg 2 L being foimed according as iodine 
or mercury is in excess 

Many sulphides can also be readily obtained by the direct 
union of metals with, sulphur (see 45, 219 ) 

Method 2, Interaction of Metals and Acids. When 
acids act on metals, a salt of the metal is almost invariably 
obtained as one of the products. In some cases, e. g when 
dilute hydrochloric, dilute sulphuric, or acetic acid acts on 
magnesium, zinc or iron, hydrogen is the only other 
product, and these reactions are used in the preparation of 
hydrogen, as we have seen. In other cases the reactions 
are more complex, and these have been fully discussed 
in 190, 236. 

The action of a haloid acid on a metal always results in 
the formation of its lower salt when it forms more than 
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one. Thus, with hydi ochloric acid, iron forms ferrous 
chloride, FeCl 2 , and with tin it forms stannous chloride, 
SnCl 2 . We should expect this because the nascent hydro- 
gen which is liberated in the reaction is a strong reducing 
agent, and would immediately reduce the higher salt if 
any were formed. 

When the acid is a strong oxidising agent, e. g. nitric 
acid, the nascent hydrogen which may be supposed to be 
liberated at first is immediately oxidised to water, and it 
depends upon the relative masses of the metal and the 
acid whether the lower or the higher salt is formed. This 
may be illustrated by the following experiments. 

Ezp 197. Warm a small quantity of mercury with excess of in trie 
acid till the metal has dissolved. Now add hydrochlonc acid to the 
solution ; no precipitate will be formed, proving the absence of any 
mercurows mtiate (-which with hydiochlonc acid would form a white 
precipitate of mercurous chloride). The mercuiy has been entirely 
conveited into mercuric nitrate. 

Exp 198. Next allow some mercury to remain la contact with 
about half its volume of dilute nitric acid foi some time. Pour off the 
supernatant liquid from the mercuiy and add hydrochlonc acid , a 
white precipitate is at once formed, showing that when the mercury 
is in excess of the acid, it is converted into mercuiws nitrate. 

Salts of the haloid acids may be obtained by acting on a 
metal with either the gaseous acid or its aqueous solution ; 
if the anhydrous salt is required, only the former method 
can be employed in many cases, because, on evaporating 
the aqueous solution of the salt to dryness to drive o 
water, the salt undergoes decomposition. Aluminium 
chloride, for instance, is decomposed by water on evapor- 
ation to dryness, with formation of aluminium hydroxide, 
A1 2 (OH) 6 , and hydrochloric acid 

2 AlOlg + 6 H 2 A1 2 (OH) 6 + 6 HOI. 

Exp. 199 Dissolve some aluminium in hydrochlonc acid and 
evaporate the solution to diyness in a porcelain dish on a sand-bath. 
Tiy to dissolve the white residue in water ; it is insoluble (whereas 
aluminium chloride is soluble) and consists of aluminium hydi oxide 
formed accoiding to the equation given above. 



372 MODES Ott FORMATION OF SALTS. 

Method 3. Interaction of a Metal with a Salt of 
Another Metal In general one metal -will displace another 
from its salts when the oxide of the former is more strongly 
basic than that of the latter, i.e. the oxide leacts more 
leadily with acids. Thus iron displaces copper from a solu- 
tion of copper sulphate, and zinc displaces silver from a 
solution of silver nitrate, as we saw in Experiments 1 
and 2 

Fe + CuS0 4 = Cu + FeS0 4 . 
Zn + 2 AgN0 8 = 2 Ag + Zn(N0 3 ) 2 . 

Method 4. Direct Union of a Basic Oxide and an 
Acidic Oxide Many basic oxides combine directly with 
acidic oxides to form salts, For example, when baiium 
oxide, BaO, and sulphur trioxide, S0 8 , are mixed together 
they combine to form barium sulphate with such energy 
that the mass becomes red-hot 

BaO + S0 8 = BaS0 4 . 

Again, quicklime and carbon dioxido leadily unite to form 
calcium carbonate 

GaO + 00 2 + OaC0 3 

Adopting the broad definition of a &alt which follows, as 
shown above, fiom the electrolytic dissociation theory, we 
may include the formation of acids from acidic oxides and 
water, and bases from basic oxides and water under this 
heading ; in the formation of acids in this way water plays 
the part of a basic oxide,and in the formation of bases that 
of an acidic oxide. Thus, just as barium oxide combines with 
sulphur trioxide to form barium sulphate, so it combines 
with water to form the base barium hydroxide, Ba(OH) 2 ; 
and just as sulphur trioxide combines with barium oxide to 
form barium sulphate, so it combines with water to form 
hydrogen sulphate or sulphuric acid. 

BaO + S0 3 = BaS0 4 . 

Basic crade Acidic oxide. Salt 

BaO + H 2 = Ba(OH) 2 . 

Basic crade. Water, Base 

H 2 + S0 3 = H 2 S0 4 . 

Water. Acidic oxide. Acid. 
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Method 5. Interaction of Bases and Acids. This is the 
most general method. It is fully discussed in 86. 

Method 6 Interaction of an Acid with a Salt of a more 
^Volatile Acid. An example of this method is the conversion 
of a nitrate into a sulphate by heating with strong sul- 
phuric acid. The volatile nitric acid is driven off, leaving ' 
the salt of the much less volatile sulphuric acid behind 
Zinc nitrate, Zn(N0 3 ) 2 , may in this manner be converted 
into zinc sulphate, Znft0 4 

Zn(N0 2 ) 2 4- H.S0 4 => ZnS0 4 4- 2 HN0 3 . 

Method 7. Interaction of a Base with a Salt of a more 
Volatile Base When caustic potash or soda is heated with 
an ammonium salt, the volatile base, ammonia, is driven 
off and the corresponding potassium salt remains 

2 KOH + NHS0 - KS0 + 2 NH + 2 H0. 



Method 8. Interaction of a Base with a Salt of an In- 
soluble Base. Themajoufcy of the hydroxides of the metals 
are insoluble in water If, then, a solution of a soluble 
base such as caustic potash or soda is added to a salt of a 
metal which forms an insoluble hydroxide, double decom- 
position takes place with precipitation of the insoluble 
hydroxide and formation of a salt of potassium or sodium ; 
for it is observed that, wJien an insoluble substance can be 
formed ly double decomposition, that substance is usually 
formed. For example, on adding caustic potash to a 
solution of copper sulphate, CuS0 4 , cupric hydroxide, 
Gu(OH) 2 , is precipitated, and potassium sulphate, K 2 S0 4 , 
i into solution 



2 KOH + CuS0 4 = Cu(OH) 2 + K 2 SO 4 . 
The K 2 S0 4 can be separated from the Cu(OH) 2 by filtration. 

Method 9. Interaction of Two Salts Representing the 
double decomposition between two salts by the equation 

A + B = C + D, 



374 MODES OF FORMATION OF SALTS 

this method of preparation can be used for a salt, C, when 
that salt is less soluble or more volatile than A, B, or D. 
Tor example, silver chloride, AgCl, is insoluble in water, 
whereas silver nitrate, AgN0 3 , potassium chloride, K01, ( 
and potassium nitrate, KN0 8 , are all soluble. We can 
therefore prepare silver chloride by mixing solutions of 
silver nitrate and potassium chloride , silver chloride is 
precipitated and may be separated from the soluble salts by 
filtration 

AgN0 3 + KOI = AgCl -fKN0 3 

Again, mercuric chloride, Hg01 2 , is volatile, whilst sodium 
chloride, sodium sulphate, Na 2 S0 4 , and mercuric sulphate, 
HgS0 4 , are non-volatile If, therefore, a mixture of mer- 
curic sulphate and sodium chloride is heated together, 
double decomposition takes place and mercuric chloride 
passes away as vapour, condensing again on a cool 
surface. 

HgS0 4 + 2 NaCl = Hg01 2 + Na 2 S0 4 . 

Method 10. Interaction of Two Bases A few bases, 
notably the oxides and hydroxides of zinc, lead and 
aluminium, are soluble in caustic potash or caustic soda 
solution with formation of salts. The explanation is that, 
in the presence of a strong base such as caustic potash, a 
substance which generally acts as a weak base may act as 
a weak acid The following equations represent the 
formation of salts in this manner : 

2 KOH + Zn(OH) 2 K 2 Zn0 2 + 2 H 2 0. 

Potassium zmcate 



2NaOH + A1 2 3 = 2 NaA10 2 + H 2 0. 

Sodium alummate 

2KOH + PbO = K 2 Pb0 2 + H 2 O. 

Potassium plumbite. 

Method 11. Interaction of Metals with Bases. A few 
metals also are soluble in potash solution with evolution of 
hydrogen, more especially zinc and aluminium. The salts 
obtained are the same as those produced when the oxides 
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or hydroxides of the metals are used instead of the metals 
themselves, as in the preceding method* thus when alu- 
minium is dissolved potassium aluuamate is formed 

2 KOH + 2 H 2 + 2 Al ~ 2 KA10 2 + 3 H 2 . 

Potassium aluminata 

Most metals are attacked slowly by fused potash, silver 
being the most resistant 

336 Double Salts These are complex salts formed by 
the union of two simple salts, e. g. a molecule of potassium 
sulphate, K 2 S0 4 , and one of aluminium sulphate, A1 2 (S0 4 ) 3 , 
together with 24 molecules of water, unite together to form 
a molecule of potassium aluminium sulphate or alum, 
K 2 S0 4 + A1 2 (S0 4 ) 3 H-24H 2 (X 

Double salts may be divided into two classes, according 
to their behaviour in solution. Some break up into the 
simple salts of which they are composed, and these then 
decompose further into ions in the usual way j thus alum 
breaks up into K 2 S0 4 and A1 2 (S0 4 ) 3 , and these salts then 
yield the ions K, Al and S0 4 . Others do not decompose 
in this way, but ionise immediately, yielding a complex 
anion containing one of the metals j for example, potassium 
chloride, KOI, unites with platinum chloride, Pt01 4 , to form 
the double salt 2 KCl + Pt01 4 or K 2 Pt01 6 ; on dissolving 
this salt in water the kathions consist of K and the anions 
of the complex group Pt01 6 . This salt may, therefore, be 
considered to be derived from the acid H 2 PtCl 6 , chloro- 
platinic acid, and is called potassium chloroplatinate. 

Other examples of the first class of double salts are 
carnallite, KC1 + Mg01 2 + 6 H 2 0, and ferrous ammonium 
sulphate, (NH 4 ) 2 S0 4 + FeS0 4 + 6 H 2 0, and of the second 
class, potassium ferrocyanide, K 4 Fe0 6 N 6 , which yields the 
complex anion (FeC 6 N 6 ). 
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QUESTIONS. CHAPTER XXVI. 

1 How Is a salt defined In terms of the electrolytic 
theory 1 

2. Discuss the effect of mass on the nature of the products 

obtained by the action on metals of (1) the halogens, 
(2) nitric acid. 

3. Why would you expect to get only the lower salt when 

a haloid acid acts on a metal which can give rise to 
two series of salts ? 

4. Why cannot anhydrous aluminium chloride be obtained 

by evaporating the aqueous solution of the salt to 
dryness? How is the anhydious salt obtained*? 

5. Expiess by equations the action of (1) barium monoxide 

on sulphur tnoxide, (2) zinc on silver nitrate, (3) 

caustic potash on ammonium sulphate, (4) caustic 

soda on zinc hydroxide. 
6 Under what conditions can a salt be conveniently 

prepared by the interaction of two other salts? 
7. Give examples of the formation of salts from (1) two 

bases, (2) a metal and a base. 
8 What are double sails ? Into what two classes can they 

be divided 1 Illustrate your answer by examples. 
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CHEMICAL CALCULATIONS, 

337. The Relations between Weight and Volume of 
Gases, Prom AvogaQro's hypothesis it follows at once 
that the densities ot erases are pioportional to their mole- 
culcii weights In order to express the weight of any gas 
it is convenient to remember as the basis of calculation that 
1 lihe of In/tloijen at the standard tewpeiatuie (0 0.) and 
pressure (760 mm of mercury] iveiylis 09 gramme, or that 
11 11 litres of hydrogen weigh one giamme, 

If then we desire to ascertain the weight of any other 
gas under like conditions, we commence by expressing in 
chemical symbols the molecule of the gas thus 

The molecule of hydrogen is expressed by H 2 (2) 
nitrogen N 2 (28 

oxygen 2 (32 

chlorine C1 2 (7! 

ozone 3 (48 

phosphorus P 4 (124) 

, . , . 

36-5) 



44) 



U11UO U1.1U1 UO j) JL. A lliJI 

water vapour H 2 (18) 
jj hydrochloric acid 3, HC1 

carbon dioxide C0 2 

nitric oxide NO 

sulphide dioxide ,, S0 2 

3, sulphuretted"! 
hydrogen / 

ammonia NH 8 (17) 

and so on, 

377 
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The relative weights arc, then, those stated in parenthesis 
after the symbol in the above list, as derived from the 
respective atomic weights. 

Thus the weight of a litre of nitrogen is 14 times that o: 
a litre of hydrogen or (0 09 x 14) grammes ; a litre o: 
carbon dioxide weighs (0 09 x 22) grammes j a litre of sul- 
phuretted hydrogen weighs (009 x 17) grammes. 

The alternative method of expressing the same facts is 
perhaps more readily applied in chemical calculations, viz. 
that 1111 litres of hydrogen weigh 1 gramme or 22 '22 litres 
of hydrogen weigh 2 grammes, the same number of grammes 
as that used for expressing the molecular weight. In this 
form the statement is quite general, that the molecular 
weight being m, 22*22 litres of any gas whatever weigh m 
grammes 

22 22 litres of nitrogen weigh 28 grammes. 

22 22 oxygen 32 

22 22 chlorine 71 

22 22 sulphur dioxide 64 



22 22 ammonia 17 







It is convenient to remember both forms of the expres- 
sion, as one or the other is more readily adapted for the 
purpose of calculation according to the terms which are 
given. For instance, if it be desired to calculate the weight 
of a certain volume of a gas, the former expression lends 
itself more readily for the purpose as in the following 
example : 

(1) Required the weight of 100 c c. of carbon dioxide at 
C. and 760 mm. pressure 

1,000 c.c. (1 litre) of hydrogen weigh 09 grammes. 

carbon dioxide 1 98 

100 cubic centimetres of 0198 

Should the weight of the gas be given, and its volume is 
to be determined, the second form of expression is more 
easily applied. 

(2) Required the volume occupied by 5 gramme of 
ammonia at C. and 760 mm. pressure 
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17 grammes of ammonia occupy 22 22 litres. 
1 gramme occupies 1'307 

0-5 0-653 

It is useful also to bear in mind that air is 14'435 times 
as heavy as hydrogen, since frequently the densities of 
vapours as actually determined by experiment are stated in 
terms of air as unit. 

Thus the density of sulphur dioxide is found by experi- 
ment to be 2 247, air being the unit. 

The density compared with hydrogen is therefore 2-247 x 
14*435, or 32 -43, a value agreeing well with that deduced 
from the accepted composition of this gas, 

338. Correction for Temperature and Pressure. We 

shall first consider the influence of variations of temperature 
on the volume of a gas, and consequently on the weight of 
a given volume. 

"Wo have seen (Chap, VIII ) that a gas at C expands 
2^3. of its volume for each increment of one degree Centi- 
grade in temperature The more general form of expression, 
viz. that the volume of the gas is proportional to the abso- 
lute temperature (see 49), will be foxind the most useful, 
as a few examples will show. In order to make the calcu- 
lation it is, in the first place, necessary to convert the tem- 
peratures as ordinarily stated into absolute temperatures. 

(3) A litre of gas is measured at C ; what volume 
will it occupy at - 20 C., and what at 50 C. ? 

C. = 273 absolute. 
- 20 C. = 253 
+ 50 C - 323 

253 
Volume required is at - 20 C. 1 litre x - = 926 8 c.c. 



+50C. 1 litre x = 1183-2 c.c, 

273 

(4) The volume of a gas measured at 10 C. is found to 
be 150 c.c, ; what volume would it occupy at the standard 
temperature (0 C.)1 

10 C. 283 absolute. 
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9*70 

Yolume required is at C. 150 x ~ = 144 7 c.c. 



(5) The volume of a gas measured at 15 C. is found to 
be 250 c c ; what volume would it occupy at - 15 0. and 
at 57 C. respectively 1 

15 C - 288 absolute. 
- 15 C. - 258 
+ 57 C. = 330 

258 
Volume required at - 15 C. = 250 x r = 224-0 c.c. 

+ 57C. = 250 x||| = 2S65c.c. 

And now let us consider the effect of variation in pressure. 
According to Boyle's Law (see 50), the volume of a gas is 
inversely pioportional to the pressure to which it is sub- 
jected when the temperature is constant. 

(6) A gas measured at standard atmospheric pressure 
(760 mm ) is found to occupy 1-5 litres ; what volume will 
it occupy at 1,000 mm and at 100 mm. pressure? 



Required volume at 1,000 mm. is 1,500 x -. nfio = 1,140 c.c. 
,, 100 mm. is 1,500 x - - 11,400 cc. 



(7) The volume of a gas at 500 mm. pressure is found to 
be 250 c.c. ; what would it measure under 5 atmospheres 
pressure ? 

5 atmospheres = (760 x 5) mm. = 3,800 mm. 
Required volume at 5 atmos. = 250 x Q-OQT: = 32-9 c.c. 

Finally, an example is given of the allowance for both 
temperature and pressure in the same expression. 

(8) A gas occupies 190 c.c. at 13 C. and 740 mm. pres- 
sure ; what volume would it occupy at standard temperature 
and pressure (0 C. and 760 mm ), and what at - 130 C. 
and 780 mm pressure ? 
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13 0. = 28G absolute. 
0. = 273 



Volume at C and 760 mm. - 190 x - - 176 6 c.c, 

iJoo x /uO 

-130C. = 143 absolute. 

Volume at- 130 0. and 780 mm. = 190 x 286 x 78Q c.c. 

= 90-1 c.c. 

339. The Relation between Weight and Volume of 
Liquids. The specific gravity of liquids is expressed in 
terms of pure water at 15 0. as unit The following table 
shows that the specific gravity of water varies at different 
temperatures, water at 4 being taken as 1 : 

Specific gravity of water at = 99987 

2 0-99997 

4 - 1 00000 

10 = 0-99975 
15 = 099916 
20 = 99826 
25 = 0-99712 

In ascertaining the density of a liquid by comparison 
with water it is more convenient to make the determination 
at ordinary temperatures, and hence it is usual to adopt 
the specific gravity of water at 15 0. as the basis of com- 
parison. 

When we say that the specific gravity of a liquid is 1-8 
we mean that it is heavier than water in the proportion 
18:1; if therefore 1 c.c. of water weighs 1 gramme, 1 c.c. 
of such a liquid will weigh 1-8 grammes.* The following 
examples will show how specific gravity of liquids enters 
into chemical problems. 

* This is not strictly accurate, since the gramme is the weight of 
1 c.c. of water at 4 &. The correction, however, is only made in 
case a very exact expression is desired, and for ordinary purposes it 
is omitted. In* any case the actual weight may be obtained by 
multiplying the result by 0'99916. 
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(9) What is the weight of 100 c c. of sulphuric acid of 
sp. gr. 1 84 ? 

100 c.c. of water weighs 100 grammes. 

sulphuric acid of the\ , Q^ 

density given J JJ " 

(10) Hydrochloric acid of sp. gr. 1-112 contains 21 per 
cent, by weight of gaseous hydrochloric acid , find the 
volume of hydrochloric acid gas in 10 c c. of such acid. 

By the method used in the previous problem 10 c.c. of 
hydrochloric acid will weigh 11 '12 grammes. 
11 12 x 21 

= 2 3352 grammes, the weight of gaseous 



hydrochloric acid contained in it. 

36 5 grammes of HCL occupy 22 22 litres ; 

2-3352 grammes occupy 22 22 *^ 3352 litres 

oo*D 

= 1421 litres. 

340. The Kelation between Weight and Volume of Solids, 
like that of liquids, is expressed in terms of water as unit. 
Thus, diamond is 3 5 times as heavy as water, and its sp, gr 
is 3 5 ; the sp gr. of graphite is 2 2, of mercury 13 6. 

The weight of these bodies that occupy the same volume 
as 1 gramme of water (that is, 1 c.c.) is 35, 2 2, and 13 6 
grammes respectively. 

This relation is seldom necessary in chemical calculations. 

341. Calculation of the Percentage Composition of a Body. 
When the chemical composition of a body is expressed 
by symbols, the proportions of the respective elements con- 
tained in it are the weights of the elements as determined 
from the table of atomic weights. 

HC1 indicates a compound formed by the union of 1 part 
by weight of hydrogen with 35 '5 parts by weight of 
chlorine. 
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H 2 indicates a compound formed by the union of 2 parts 

by weight of hydrogen with 16 parts hy weight of 

oxygen. 
Cp 2 indicates a compound formed by the union of 12 parts 

by weight of carbon with 32 (i,e. 2 x 16) parts by 

weight of oxygen 
P 2 5 indicates a compound formed by the union of 62 (i.e. 

2 x 31) parts by weight of phosphorus with 80 (i.e. 

5 x 16) parts by weight of oxygen 
H 8 PO 4 indicates a compound formed by the union of 3 

paits by weight of hydrogen, 31 parts by weight of 

phosphorus, and 64 (i.e. 4 x 16) parts by weight of 

oxygen. 

36 '5 paits by weight of HC1 contain 1 pt of H and 35 5 pts. of 01 
18 H 2 2 pts. Handle 0. 

44 C0 2 12 C and 32 0. 

142 P 2 5 62 P and 80 0. 

98 H 3 P0 4 3 H, 31 of P and 64 of 0. 

The percentage composition is merely the statement of the 
relative weights of each of the constituents in 100 parts of 
the compound. 

Thus, if 18 parts by weight of water contain 2 parts 
of hydrogen and 16 parts of oxygen, then 100 parts of 
water will contain 



2 x parts of H f tfl. 1111 ; 

18 

li ^ 0,^.88-88; 



and this represents the percentage composition of water. 
(11) Find the percentage composition of potassium 




chlorate, KC10 a 



K = 39-1 

01 = 35-5 

8 - 48-0 

122-6 
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-O L , T r 39 1 X 100 o-l 00 

Percentage amount of K = - foo~f ~ L 




100 00 

(12) Find the percentage amount of water of crystallisa- 
tion m FeS0 4 + 7 H 2 O. 

Fo = 56 

S = 32 

O 4 - 64 

7 H 2 O - 136 

278 

278 parts of FeS0 4 + 7 H 2 contain 126 parts of water. 

Percentage of water = 126 JL 10 = ^ 32. 

276 

342. Determination of the Eormula of Substance. The 
question which even more frequently arises in practice is 
the converse one, the determination of the formula of a 
substance from the results of analysis of the substance. 
We have seen already that the relative composition by 
weight of a body is obtained by taking the atomic weight 
of each constituent, and wheie more than one atom of any 
constituent is present, then the multiple of that according 
to the number of atoms. 

E <?., for COC1 2 

Atomic No of planet. Percentage 

weight. atoms. j-w^u^. composition. 

12 1 12 1212 

O 16 1 16 16-16 

C1 2 35-5 2 71 71-72 

We now reverse the process, and desire to determine 
the relative number of atoms of each element, having 
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given the composition by weight of a body as deduced 
from its analysis 

S = 23 7 per cent. 
O = 23-7 
01=526 

Let TO, n', TO" be the number of atoms of S, O, and Cl 
respectively, the atomic weights being 32, 16, and 355; 
we have the relative weights of each of the constituents 

32 TO, 16 TO', and 35 5 TO". 

These values are proportional to the weights as represented 
by the percentage composition, viz. 

23 7, 23 7, 52-6. 

Thus 

32 n oc 23 7 and n is proportional to 74. 
16 n' oc 23-7 n' 1 48. 

35 5 TO" cc 52 6 TO" 1 48. 

The simplest proportion in whole numbers is 

1:2:2, 

and the formula on this assumption is 

S0 2 01 2 

This, then, is the empirical formula as deduced solely 
from the consideration of the results of the analysis. It 
is quite consistent with such a calculation that the formula 
should be S 2 O,C1 4 , or S 3 O 6 C1 6 , or any such multiple Which 
of these is to be finally accepted can only be decided after 
a determination of the vapour density of the body, or of 
its chemical constitution and character, and this would be 
the molecular formula of the body. 

To determine the empirical formula of a body, we there- 
fore divide the results of analysis by the respective atomic 
weights, and the numbers so obtained are proportional to 
the number of atoms. 

M. CHEII. o 
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(13) The percentage composition of a compound is found 
to be H = 5 88 and = 9412 find its formula 

In this case n and n' being in proportion lo the number 
of atoms of hydrogen and oxygen respectively 

nIL = 5 88, and H being 1, n = 5 88 ; 
n'Q - 94 12, and being 16, n' = 5 '88. 

The body, therefoie, consists of an equal number of 
atoms of H and O, and the simplest formula would be HO. 
Chemical considerations, however, compel us to accept a 
multiple of this, viz H 2 O 2 , as the formula of hydrogen 
peroxide, the substance which has this composition. 

(14) Find the formula of a substance having the 
composition 

Mg- 976. 

S = 1301. 

= 2601. 

Water of crystallisation = 51 22. 

9 76 
Mg gives - = 406 as proportional number. 

S ,,i|^l = 0406 

o ,,^=i-626 

H 2 ^A 2 = 2-846 

From these numbers we deduce as the simplest whole 
numbers bearing the same relation to one another 1:1:4:7, 
and the simplest formula for the body is 



343. Application to Chemical Problems. We have now 
considered the fundamental calculations which enter into 
chemical problems, and a few examples will be given to 
show how these bear upon questions involving chemical 
decomposition and interchange. 
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(15) What weight of caustic soda (NaOH) will be 
needed to just neutralise 10 c c. of dilute sulphuric acid 
(sp. gr. 1*155) containing 21 per cent, of H a SO 4 ? 

In all cases where a chemical reaction is concerned, 
Involving considerations of weight or volume, it is well to 
state the reaction in the form of an equation at the outset 

2NaOH + H 2 S0 4 = Ka 2 S0 4 + 2 H 2 0. 

Sodium sulphate 

From this we see that 2 NaOH neutralise H 2 S0 4> the 
respective weight relations being 

2 (23 +16 + 1) and (2 + 32 + 64) or 80 : 98. 

80 parts by weight of caustic soda serve to neutralise 98 
paits by weight of sulphuric acid. 

ISTow determine the actual weight of sulphuric acid that 
is to be neutralised 

10 c,c of the dilute sulphunc acid (sp. gr. 1*155) weigh 
11*55 grms. 

21 per cent, of this is H 2 SO 4 , ^. e - - = 2 4255 grma. 

Required amount of caustic soda is 

- - grammes, or 1 98 grammes. 

7O 

(16) "What volume of oxygen collected at standard 
temperatuie and pressure (0 and 760 mm.) is given off on 
heating 10 grammes of mercuric oxide? 

The equation representing the action of heat on mercuric 
oxide is 

2 HgO = 2 Hg + O 2 . 

First determine the weiylti of oxygen from the above 
equation, which shows that 432 parts of mercuric oxide 
yield 32 parts of oxygen, or, in simpler numbers, 27 parts 
yield 2 parts of oxygen. 

10 grammes therefore yield f. ., or 74 grammes. 
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Now 32 grammes of oxygen occupy at standard 
temperature and pressure 22-22 litres, and the volume of 
oxygen corresponding to this weight is 

074x22-22 



32 



514 cubic centimetres. 



(17) What weight of sulphur must be burnt so as to 
yield 1 litre of sulphur dioxide at standard temperature 
and pressure? 

S + O 2 = S0 2 . 

Here we start from a known volume of gas and must 
work back to the weight in terms of winch the result is to 
be expressed. 

22 22 litres of SO 2 weigh 64 grammes. 

GA 

1 litre of SO 2 weighs -jr--^ or 2 869 grammes. 

2 A' 2 2 

Also 64 grammes of S0 2 contain 32 grammes of S, 
and 2869 S0 2 1-4345 S 

1-4345 grammes of sulphur will therefore be required to 
produce 1 litre of S0 2 , 

Such a calculation may, however, be shortened by the 
consideration that as 32 giammes of sulphur, according to 
the equation, yield 64 grammes or 22 22 litres of S0 2 , 

32 

- - grammes will yield 1 litre of S0 2 , 
22 22 

The next example will be rendered more complex by 
introducing conditions of temperature and pressure differing 
from the standard. No further difficulty is really involved, 
except that the correction for temperature and pressure 
must be made. 

(18) 2J litres of nitrous oxide have been collected at 39 
C and 741 mm. pressure; what weight of ammonium 
nitrate has been decomposed in order to supply the gas ? 

First eliminate the irregularity introduced by the 
temperature and pressure, by determining what volume the 
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gas would have occupied had it been collected at standard 
temperature and pressure. This will be 

2'5x 273x741 v , , 00 - t 

litres, or 2-133 htres. 



Now according to the equation 

NH t N0 3 = N 2 + 2H 2 0, 

Ammonium mtiate Nitrout. oxide 

80 grammes of ammonium nitrate yield 44 grammes (or 
22 22 litres) of nitrous oxide, and hence 

80x2-133 * CQ - . 

~-~ grammes, or 7*681 grammes, of ammonium 
2i &2t 

nitrate have been decomposed. 

1 (19) One giamme of water is (a) converted into steam at 

100 C., (6) decomposed by means of sodium and the 

hydrogen collected at 13 C., what volume will each occupy, 

the barometer at the time standing at 750 mm. ? 

I First, let us consider the case of the steam. This being 

water vapour has, at standard temperature and pressure, a 

density such that, as previously shown, 

18 grammes is the weight of 22-22 litres. 

22-22 
Thus 1 gramme occupies rg or 1*234 litres. 

At 100 0. and 750 mm. pressure this occupies 



Secondly, as to the hydrogen, the decomposition is repre- 
sented by the equation 

2 Na + 2 H 2 O = 2 NaOH + H 2 ; 

from which we see that 36 grammes of water yield 2 
grammes of hydrogen, and therefore 1 gramme of water 
yields ^ gramme of hydrogen. 

The volume of hydrogen at standard temperature and 

pressure is thus ,~ or 0-62 litre. Corrected so as to 
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represent the volume at 13 0, and 750 mm. pressure this 
becomes 

062 x 28G x 760 

273 x 750 " 658 btre ' 

The whole of the more important elements entering into 
the treatment of chemical problems have now been discussed, 
and it only remains to add some examples in further illus- 
tration of their application to chemical reactions. 

(20) 10 grammes of mercury are heated with excess of 
concentrated sulphuric acid and the sulphur dioxide formed 
is collected at 15 C and 765 mm. pressure; what volume 
does it occupy 2 

Here, as in most cases, it is best to commence by a state- 
ment of the reaction which takes place. 

Hg + 2H.S0 4 = HgS0 4 + 2H 2 + S0 2 

Mei curie sulphate 

200 grammes of mercury give 64 grammes of S0 2 , 
or 200 22-22 litres of SO 2 

.'. 10 1 HI ., 

at standard temperature and pressure. 
Volume at 15 0. and 765 mm pressure is then 

1-111 x 288 x 760 



273 x 765 



1-164 litre. 



(21) 25 c.c. of marsh gas (OH 4 ) are mixed with 500 c.c. 
of air and exploded in a eudiometer ; what volume of gas 
should there be (a) before the removal of the carbon dioxide 
formed, (6) after the absorption of the carbon dioxide 
by means of caustic potash ? The temperature and pressure 
may be assumed to be the same when each of the readings 
of volume were taken. 

The chemical reaction which takes place is 



+ 20 2 - C0 2 -h 2H 2 0, 

2 vols 4 vols. 2 vols 

the nitrogen of the air taking no part in the combustion. 

It is further manifest on inspection that the 2 volumes of 
marsh gas and 4: volumes of oxygen, before explosion, give 
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rise to 2 volumes of carbon dioxide, the space occupied by 
the water being negligible. 

Thus 6 volumes are reduced to 2, and the diminution is 
"4 volumes. 

But the marsh gas occupies 25 c.c., and is represented by 
2 volumes 

The diminution in volume is therefore 50 c.c. 3 and the 
525 c.c of mixed gases originally present in the eudiometer 
have been reduced to 475 c c. 

Similarly the CO 2 occupies the same volume as the marsh 
gas fiom which it was obtained, and is thus 25 c.c., and if 
this be removed there will remain 450 c.c. of gas in the 
eudiometer. The result is that the residual gas 

(a) before removal of C0 2 is 475 c.c. 
(&) after 450 c.c 

(22) 10 c.c. of liquid carbon bisulphide (sp. gr. 2 63) are 
burnt in oxygen; find the volume of the resulting gases 
measured at standard temperature and pressure. 

We must first ascertain the weight of the carbon bisul- 
phide. Its sp. gr. being 2 63, the 10 c.c. will weigh 26 3 
grammes. 

The chemical change during combustion is represented in 
the equation - 

CS 2 + 3 O 2 = CO 2 + 2 S0 2 . 
76 grammes of CS 2 yield 44 grammes or 22-22 litres C0 2 . 


together. 

66-66 x 26-3 
26 3 grammes of CS 2 yield - ^ - = 23-08 litres. 

(23) Considering air as a mixture of 79 per cent, by 
volume of nitrogen with 21 per cent, by volume of oxygen 
(i. e. neglecting argon), find the density of air compared 
with hydrogen. Also find the density of th vapour of 
carbon bisulphide compared with air. 



128 44-44 S0 2 . 
6666 litres of C0 2 and S0 2 
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79 vols. of nitrogen are as heavy as 79 x 14, or 1,106 vols, 

of H 
21 vols of oxygen are as heavy as 21 x 1G, or 336 vols, 

of H _ 

1 00 vols. of air are as heavy as ... ... ... 1, 442 vols. 

ofH. 
/.Density of air is 14 42.* 

Density of the vapour of bisulphide of carbon is - Z - 

2 

or 38, compared with hydrogen. 

OQ 

Compared -with air it is therefore T^l9 = ^'635. 



Atomic Weights to be used in the Following Calculations. 



Hydrogen, 


1, 


Chlorine, 35-5. 


Carbon, 


12. 


Potassium, 39. 


Nitrogen 


14. 


Calcium, 40. 


Oxygen, 


16. 


Iron, 56. 


Sodium, 


23. 


Eromine, 80. 


Magnesium, 


24. 


Silver, 107-6 


Phosphorus, 


31. 


Antimony, 119 6. 


Sulphur, 


32. 


Mercury, 200. 




Lead, 


2064. 



aTTESTKBTS. CHAPTER XXVII. 

1. The volume of a permanent gas at C. is 3 litres ; at 

what temperature would it occupy 4 litres, the pres- 
sure remaining unaltered ? 

2. Two samples of gas occupy the same volume, but one is 

at - 20 C,, and the other at 20 0. ; what is their 
relative volume when both are at C. ? 

* Actual density at normal composition is taken as 14 '435. 
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3. The volume of a gas at 13 0. is 100 c c. ; find its 

volume at - 130 C , at - 13 C , and at 130 C. 

4. A gas under standard atmospheric pressure measures 

209 c.c. , what volume will it occupy under a pressure 
of YQ-, , 2 and 5 atmospheres respectively ? 

5. What volume will half a litre of gas measured at 750 

mm. pressure occupy when subjected to a pressure of 
850 mm. of mercury 1 

6. A rectangular vessel 10 c.m long, 5cm. wide, and 3 5 

c.m deep, is filled with gas at 100 C. and 770 
mm pressure ; what volume will the gas occupy at 
standard temperature and pressure 2 

7. A sample of gas is collected in a eudiometer, and it is 

found that the level of the mercury in the eudiometer 
is 257 mm above that in the trough; also the height 
of the barometer at the time is 745 mm. . under 
what pressure is the gas ? 

8. A sample of gas is collected at standard temperature 

and pressure, and the pressure is then doubled and 
the temperature gradually raised until the volume of 
the gas is the same as it was originally; at what 
temperature does this occur ? 

9. Under how many atmospheres pressure will steam have 

the same density as water (1 c.c. weighs one gramme), 
if the contraction takes place in accordance with 
Boyle's law, and the temperature remains at 600 C.? 

10. If the temperature remains at zero, at what pressure 

will hydrogen have a density equal to 0*62 of that of 
water, this being the density found by Dewar for 
hydrogenium ? 

11. One cubic centimetre of bromine (density 3 2) is trans- 

formed into vapour at 78 C. ; determine the volume 
occupied by the vapour. 

12. The sp. gr. of pure nitric acid being 1 522, find the 

weight of 100 c.c. of it, and the volume that you 
must take to weigh 100 grammes. 

13. What volume of such acid will be required to just neu- 

tralise 100 grammes of caustic potash (KOH), and 
what weight of potassium nitrate is formed J 
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14. Calculate the percentage composition of calcium car- 

bonate, what percentage of carbon dioxide does it 
contain ? 

15. Chlorine forms with water a solid hydrate, having tlfe 

composition C1 2 8 H^O ; calculate the percentage of 
hydrogen, chlorine, and oxygen contained in this 
body. 

16. Find the empirical formula of a compound consisting of 

46 66 per cent of iron and 53 33 per cent, of sulphur. 

17. An oxide of iron contains 72 3 per cent, of iron; deter- 

mine its empirical formula. 

18. Determine the simplest formula for a salt having the 

following percentage composition : 

Sodium, 29 36 

Phosphorus, 2638 

Oxygen, 44-26 

10QQQ 

19 A solution of caustic soda having the sp. gr. 1 32 con- 
tains 28 8 per cent, of NaOH ; what weight of 
sulphuric acid is lequired to be just sufficient to 
neutralise a litre of such a solution ? 

20, What volume of sulphuretted hydrogen at 13 C. and 

798 mm. pressure is required to effect the complete 
precipitation of one gramme of corrosive sublimate, 

HgCl 2 ? 

21, What weight of pure antimony sulphide, Sb 2 S 3 , should 

yield a litre of sulphuretted hydrogen collected at 
10 C. and 760 mm pressure? 

22, Determine the volume of chlorine required to convert 

10 grammes of phosphorus into the pentachloride. 

23 A gramme of common salt is dissolved in water and 
excess of silver nitrate solution is added ; what weight 
of silver chloride should be precipitated ? 

24. Calculate (a) the volume, (6) the weight, of carbon 
dioxide in the air of a room 6 metres long, 4 metres 
wide, and 3 metres high, if theie is 1 volume of this 
gas present per 1,000 volumes of the air. 
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25. Dumas determined the relative amounts of nitrogen 

and oxygen in air by passing it over heated copper. 
Ho found 

Weight of Lube and copper before experiment, 120 grms 
, >, after 121 15 

globe when exhausted . ... 852 
,, and nitrogen 855-85 

Erom these numbers calculate the percentage com- 
position of air by weight, and deduce its percentage 
composition by volume 

26. Dumas determined the composition of water synthetic- 

ally by passing hydrogen over heated copper oxide, 
and found 

Weight of tube and copper oxide before experiment, 334 598 grs. 
,, after 314236 

,, diymg tubes before experiment .. 426358 ,, 

after . 449 2G3 

Calculate the percentage composition of water by 
weight 

27. Ten grammes of steam are passed over red-hot iron; 

what volume of hydrogen at 26 C. and 741 mm. 
pressure will be obtained if one-third of the steam 
undergoes decomposition 1 

28. Fifteen cubic centimetres of ammonia are completely 

decomposed by electric sparks, and then 40 c,c, of 
oxygen are added and the mixed gases exploded; 
state the gases present and the volume of each 
(a) ]ust before exploding, (6) after exploding. 

29. A mixture of ten litres of oxygen with one litre of 

carbon dioxide is shaken up with 100 c.c. of water; 
determine the volume of each gas that will be dis- 
solved the barometer at the time standing at 760 
mm. and the themometer at zero 

30. Make the same determination with a mixture of one 

litre of oxygen and 10 litres of carbon dioxide, 

31. A litre of sea-water (sp gr. 1 03) is evaporated to 

dryness, and found to leave as residue 36 4 grammes 
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of salts ; find the percentage of solid matter in the 
sea-water. 

32. Given that a metre is equivalent to 39 '37 inches, 

calculate the number of cubic inches in a litre, and 
the number of litres in a cubic foot. 

33. Determine the percentage of carbon in cane-sugar 

(0 12 H 22 O n ) and the volume of carbon dioxide that 
results from the combustion of 0*2 gramme of sugar. 

34. A mixture of 20 c,c, of ethylene and 200 c c. of oxygen 

is exploded in a eudiometer; what volume of gas 
remains after the explosion, and what volume when 
the carbon dioxide is subsequently removed by 
absoiption with potash ^ 

35. What quantity of crystallised oxalic acid (0 2 H 2 4 + 

2H 2 0), heated with excess of sulphuric acid, will 
yield 5 litres of gas at standard temperature and 
pressure 1 

36. If 50 cc. of sulphuretted hydrogen be mixed with 

excess of chlorine, what volume of hydrochloric acid 
will be formed, and what weight of sulphur liberated ? 
'37. A gramme of a substance containing carbon is heated 
with lead oxide, and found to form 10 grammes of 
metallic lead; what percentage of carbon was 
present ? 

38. What weight of iron must be dissolved in dilute 

sulphuric acid in order to yield sufficient hydrogen 
to fill a balloon having a capacity of 100 cubic 
metres? 

39. Ten grammes of carbon are burnt in 1,000 litres of 

air (taken as consisting of 79 vols. of N and 21 of 0) 
at 15 0. and 700 mm. pressure; find the percentage 
of nitrogen, oxygen, and carbon dioxide in the air 
after the combustion is complete, 



SECTION I1I-THE CHEMISTRY OF 
DAILY LIFE. 

CHAPTER XXVIIL 

COMMON METALS AND ALLOYS. 

344. Iron is the most important of all the metals. It 
has been found in the metallic state in Greenland and 
other parts of the world, and especially in meteorites, 
some of which consist almost wholly of iron and nickel. 
It occurs chiefly, however, in the form of oxides, carbonate 
and sulphide. The most important British ore is clay 
ironstone, an earthy form of ferrous carbonate; in 
Scotland the clay ironstone is generally mixed with 
carbonaceous .atter and is called Hack land ironstone. 
In extracting the metal these ores are first calcined to 
drive off carbon dioxide, moisture and sulphur. The 
residue, which consists of ferric oxide and earthy matter, 
is introduced into a llast furnace together with coke and 
limestone. At the high temperature of the furnace the 
coke as well as carbon monoxide produced from it 
reduces the oxide of iron to the metallic state, and the 
molten metal is periodically run off into moulds consist- 
ing of a network of channels formed in sand. The bars 
of iron so obtained are called pigs 

Iron, as produced in the blast furnace, is known as 
cast-iron^ and contains a number of impurities, the chief 

397 
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of which is carbon To obtain pure iron from cast-iron, 
the latter is melted in a current of air and stirred about 
(puddled), whereby the impurities are oxidised, carbon 
passing away as carbon dioxide. The product is called 
vorought-iron. 

Cast-iron is converted into steel by introducing the 
molten metal into a large pear-shaped steel vessel (called 
a converter) lined with suitable niatenal to withstand 
the high temperature, and blowing air through till the 
impunties are oxidised. A quantity of carbon (m the 
form of ferro-manyanese or sptegel-eisen, an alloy of iron 
and manganese containing about 6 per cent, of carbon) 
is now added, which is considerably less than that 
originally present in the cast-iron. 

The properties of wrouglit-iron, cast-iron and steel 
diifer considerably. This difference depends chiefly upon 
the quantity of carbon present. "Wr ought-iron, which 
is nearly pure iron, is a soft, grey, malleable metal 
possessing considerable tensile strength (i. e. a heavy 
weight can be hung on to a tolerably thin iron wire 
without breaking it). As the percentage of carbon 
increases, the iron becomes haider and less malleable, 
up to a certain point the tensile strength increases, but 
beyond this it diminishes. Cast-iron, which contains 
the highest percentage of carbon, is very bnttle ; and its 
tensile strength is much smaller than that of wi ought- 
iron Steel is very tough, possessing even greater 
tenacity than wrought-iron, and it possesses the remark- 
able property of becoming very hard on being heated up 
and then suddenly cooled. If it is now heated again to 
a moderate temperature, it becomes softer, and by 
varying the temperature the hardness can be regulated. 
This process is called " tempering," and the steel is said 
to "take a temper"; wrought-iron and cast-iron cannot 
be tempered, 

Uses Wrought-iron was formeily used for a great 
variety of purposes, but steel has now taken its place to 
a very large extent. The greater part of the wrought- 
iron manufactured at the present time is employed for 
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making the cores of electromagnets used in dynamos 
and electric motors. A considerable amoiint is also 
employed by the blacksmith, who requires a metal which 
can be easily worked at a red heat ; horse-shoes, for 
instance, are made of wrought-iron. 

Cast-won is, as its name implies, used for castings e. g 
fire-grates, fly-wheels and pistons; its value for this 
purpose depends upon (1) its low melting-point compared 
with wrought-iron and steel , (2) the fact that on cooling 
fiom a temperature somewhat above the melting-point a 
considerable expansion takes place which enables the 
molten metal to fill every part of a mould into which it 
is poured. 

The purposes for which steel is employed are innumer- 
able j it is used for making tools, guns, armour-plating 
for ships, boiler-plates, rails, girders for bridges, etc. 
etc Pure iron melts at about 2000 C., cast -iron at 
about 1600 0. The melting-point of pure iron is there- 
fore about 1000 C. higher than that of copper. We 
should regard iron then as a me%al with an extremely 
high melting-point. 

All the forms of iron (wrought-iron, cast-iron and 
steel) if exposed to moist air become coated with the 
hydroxide of the metal (iron rust). Pure dry air has no 
effect at ordinary temperatures upon iron. The metal is 
readily attacked by even very dilute mineral acids, and 
in this respect resembles zinc. 

345. Copper is a metal which appears red by reflected 
light, but extremely thin plates of it transmit green light. 
Its specific gravity is 8 95 ; it possesses the properties 
of toughness and malleability to a high degree, and is 
the second best conductor of heat and electiicity known. 
On this last property depends its use in the manufacture 
of electric cables Dry air is without action on copper 
at ordinary temperc\tures, but in presence of moisture 
and carbon dioxide it becomes corroded and coated with 
a deposit of green basic caibonate (verdigris). Copper 
is largely employed in making domestic utensils, and 
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electric batteries, as well as in electro-plating and electro- 
typing. 

The alloys of copper are of great importance. The 
chief are brass (copper and zinc) \ bronze, gun-metal^ 
speculum metal and beU metal (copper and tin) , German 
silver or nickel silver (copper, nickel and zinc) ; aluminium 
bronze (copper and aluminium) \ gold coinage (gold and 
copper) \ and silver coinage (silver and copper). These 
alloys are considered respectively under the elements 
other than copper. Dutch metal used as a cheap sub- 
stitute for gold-leaf, contains a little zinc. 

Copper melts at 1080 C. It is therefore not easy to 
melt copper, but thin wire, or foil, may be fused in the 
hottest parts of the Bunsen flame. 

Copper is attacked by even very dilute nitric acid, but 
dilute hydiochloric and sulphuric acids have very little 
action upon it. 

346. Lead is a soft, bluish-grey metal with a bright 
lustre at a freshly cut surface ; it tarnishes in air and is 
superficially acted upon by water containing dissolved 
air, especially in presence of carbon dioxide or in water 
containing certain salts in solution. This behaviour of 
lead towards water is of extreme importance, since 
drinking water is always conveyed, for some distance at 
any rate, through leaden pipes, so that there is always 
the possibility of contamination of the water unless 
proper precautions are taken. The lead oxide which 
may be formed is itself slightly soluble in water, whilst 
the carbonate which is also a possible product is soluble 
in, water containing carbon dioxide. Thus we may get 
drinking water containing poisonous lead compounds. 
If however the water is " permanently " hard (see 114) 
a protective layer of lead sulphate will form, and the 
further solvent action of the water be thus prevented. In 
its behaviour towards the common mineral acids lead is 
very similar to copper. It is very malleable but pos- 
sesses little tenacity j its specific gravity is 1138, and it 
melts at 327 C. The softness and malleability of lead 
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and its low melting-point render it of great value in the 
arts. It is, for instance, used in making piping and 
rifle-bullets, the metal being heated and forced through 
perforations of the required shape. 

Lead forms several useful alloys. Type metal consists of 
two parts of lead, one pait of antimony, and one of tin ; 
common pewter and solder will be referied to under " tin." 

347. Zinc is a white metal with a bluish tinge, and 
melts at 419 0. It is brittle at ordinary temperatures, 
but at about 100-150 C. it becomes ductile and may be 
drawn into wire and rolled into sheet ; above 200 0. it 
loses its cohesion and may be readily powdered. Zinc 
is only very slightly acted upon by air at ordinary 
temperatures. On this account it is used for galvanising 
iron 3 this consists in coating iron wj.th a thin layer of 
zinc by dipping it in the melted metal 1 . Zinc is also 
used in electric batteries, in the Pa 1 ) Ices process for 
desilverismg lead and in the extraction of gold, to pre- 
cipitate the metal from its solution in potassium cyanide. 
Zinc dust obtained in the extraction of the metal con- 
sists of a mixture of the metal and the oxide. It is 
used as a reducing agent in Organic Chemistry. 

Zinc forms a number of important alloys with copper, 
the chief of which are brass and Muntds metal. These 
alloys are harder than copper \ they are malleable and 
will take a high polish. Brass contains one part of zinc 
to two of copper ; it is very extensively used in the arts : 
Muntds metal is composed of three parts of copper, two 
parts of zinc and a little lead j it is used for sheathing 
ships. Commercial zinc is easily attacked by the common 
mineral acids, so that vessels of zinc, or of galvanised iron, 
should not be brought into contact with these liquids. 

348. Tin is a white malleable metal melting at 230 C. 
It is unacted upon by air at ordinary temperatures. 
Tin finds many uses in the arts. Vessels made of iron, 
copper and brass are very frequently " tinned " i. e. 
coated with a protective layer of tin. Tin plate is tinned 
iron, and is made by placing sheets of iron, which have 
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402 COMMON METALS AUTD ALLOTS. 

been carefully cleaned with dilute sulphuric acid and 
subsequent rubbing with sand and water, in melted 
tallow and then in melted tin. The tin forms an alloy 
with the iron and so adheres to it. The plate is now 
dipped into a second bath of melted tin which gives if 
a coating of pure tin over the alloy. " Tins " are usually 
made of tinned iron In tinning copper or brass the 
vessel is fiist cleaned by heating it and rubbing with 
sal-ammoniac , melted tin is then poured over it and 
f 01 HIS an alloy as in the case of iron Many vessels 
used for technical and domestic purposes are made of 
tin plate, and the metal is an essential constituent 
of a number of important alloys. Common pewter and 
solder consist of tin and lead, Pewter contains about 
three parts of tin to one of lead ; solder has a variable 
composition, but contains less tin than pewter. Gun- 
metal is composed of nine parts of copper and one part 
of tin : speculum metal contains two parts of copper 
and one of tin ] it is capable of taking a very high 
polish, and is used for making the specula of reflecting 
telescopes. Bvonze is a tough hard alloy consisting of 
copper and tin and small quantities of other metals 
bronze coinage contains 95 parts of copper, four parts of 
tin and one of zinc. Bell metal contains from three to 
five parts of copper to one of tin , it is hard and very 
sonorous ; to this last property it owes its special 
value for bell-making. Phosphor bronze contains a small 
quantity of phosphorus in addition to tin and copper : 
this renders it very hard and tough, and it is largely used 
in making machinery. For tin amalgam see 351. 

Tin may be rolled into very thin sheets, and in this 
form constitutes the well-known " tin foil." Tin, like 
zinc, is acted upon by hydrochloric acid but not so 
easily. Nitric acid attacks it readily, but dilute sulphuric 
acid has little action upon it. 

349. Silver is a white lustrous metal capable of taking 
a high polish. It is very malleable and ductile, and is 
the best conductor of heat and electricity known. Its 
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specific gravity is about 105. It melts at 960 0. It 
is not attacked by pure air, but gradually tarnishes in 
towns owing to the presence in the atmosphere of com- 
npunds of sulphur which convert it into black silver 
sulphide. 

Silver readily forms alloys with other metals. Those 
with copper are largely used in the arts in place of 
pure silver, which is too soft for most purposes such 
as jewellery and coinage. The addition of a small 
quantity of copper renders silver haider, tougher and 
more fusible. English silver coinage contains 7 5 per 
cent of copper ; that of France, Germany and Austria 
contains 10 per cent, of copper. An alloy of silver and 
nickel is used for coinage in Switzerland, Silver is also 
used for silvering, plating and electro-plating other metals 
and for silvering glass. 

350. Gold is a yellow metal characterised by great 
malleability and ductility. Its specific gravity is 195, 
so that it is almost twice as heavy, bulk for bulk, as 
lead. Its melting-point, 1062 C. ? is very near that of 
copper ; it should be possible, therefore, to melt thin 
gold wire in the Bunsen flame. It is unacted upon by 
air at any temperature, and is not attacked by any 
single mineral acid, and its frequent occurrence in the 
free state in nature is to be explained by these facts. 
It dissolves quite readily, however, in aqua regia, which 
is a mixture of nitric and hydrochloric acids, and yields 
the chloride, 

Pure gold is too soft for making jewellery or coinage 
This difficulty is overcome by alloying it with a small 
proportion of copper or silver , copper darkens the colour 
whilst silver renders it lighter English gold coinage 
consists of 22 parts of gold to two par Is of copper ; 
American, German and Italian gold coins contain nine 
parts of gold to one of copper. Trinket gold contains both 
copper and silver. Besides being used for jewellery and 
coinage, gold is employed extensively for electro-plating, 
and, in the form of gold-leaf, for gilding purposes. No 
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other metal is capable of being hammered into such thin 
sheets as gold is, and none is more ductile. 

351. Quicksilver (Mercury) is a silver-white metaj 
with a high specific gravity (13 596), and is the only metal 
which is liquid at the ordinary temperature. It becomes 
solid at - 40 0. It forms alloys with many metals, some 
of which are of great practical value. These alloys are 
called amalgams. The most important amalgams are : 
sodium amalgam, which serves as a convenient reducing 
agent (more especially in Organic Chemistry) ; tin amalgam 
used for coating the backs of mirrors j cadmium amalgam 
and tin-silver amalgam used for stopping teeth. Mercury 
is much used in the extraction of gold and silver from 
their ores owing to its power of amalgamating with 
these metals it is also employed in making physical and 
chemical apparatus and in preparing the compounds of 
the metal several of which are used medicinally. Grey 
mercurial ointment is made by rubbing up mercury and 
fat together till the mercury is broken up into very 
minute globules which are scattered through the mass, 

352. Aluminium is a white metal which like zinc also 
shows a bluish tinge. Its specific gravity is low (2 6) . it 
possesses great tensile strength and malleability, and 
is unacted upon by air at any ordinary temperature. 
These properties render it specially suitable for a 
variety of purposes It is used, for example, for making 
cooking utensils, balance-beams and chemical weights. 
Aluminium forms some important alloys. Aluminium 
bronze, consisting of 90 per cent, of copper and 10 per 
cent, of aluminium, possesses great tensile strength and 
takes a high polish. It is golden-yellow m colour 
and is used in making jewellery and scientific instru- 
ments. An alloy of aluminium containing 10 per cent, 
of tin closely resembles brass, but is lighter and less 
easily corroded. Aluminium melts at 654 C. Hydro- 
chloric and sulphuric acids dissolve aluminium with 
evolution of hydrogen, but neither dilute nor concen- 
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trated nitric acid produces much effect, It dissolves 
easily in the alkalis, and decomposes water at 100 C. 

353 Sodium is a soft, malleahle metal of specific 
* gravity 974, and melts at 95 6 0. 3 it possesses a 
silvery lustre when freshly cut, but rapidly tarnishes 
through oxidation even at ordinary temperatures. 
Sodium is a strong reducing agent, and is on this 
account used in the extraction of certain elements, 
e. g. magnesium, silicon and boron from their oxides. 
It is also used in the manufacture of sodium peroxide 
and of cyanides With mercury, sodium forms an 
important amalgam. (See 351.) 

Sodium decomposes water at the ordinary tem- 
perature, liberating hydrogen and producing sodium 
hydroxide. 

354. Magnesium is a bright white metal of low specific 
gravity (1 75). It melts at 633 C , that is to say below 
a dull red heat. It decomposes steam with liberation 
of hydrogen and formation of magnesia. Magnesium 
burns very brightly in air, forming a mixture of magnesia 
and magnesium nitride. This property of uniting directly 
with nitrogen is shared only by a few other metals. The 
light emitted by burning magnesium is made use of in 
pyrotechny, in signalling and (on account of its richness 
in chemically active or " actinic " rays) in photography. 
Magnesium in the form of powder acts as a powerful 
reducing agent, and is used in the extraction of some 
elements, e. g. silicon and boron, from their oxides. 

355. Platinum is a metal which though not common 
in the ordinary sense is very interesting, and to the 
chemist at any rate exceedingly useful. In colour it 
resembles tin, is as soft as copper, and next to gold and 
silver, is the most malleable of metals. It can be welded 
like iron at a white heat, and like this metal has an 
extremely high melting-point, namely, about 2000 0. 
It can be fused only in the flame of the oxyhydrogen 
blowpipe, and in the electric arc. It has a higher specific 
gravity even than gold, namely, 21-5. It is one of the 
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few metals that absorb hydrogen, which it does at a red 
heat. It is not oxidised at any temperature in the air, 
and is not attacked by any single acid. In these 
respects it resembles gold, and it is these properties* 
which render it so extremely useful to the chemist It is 
difficult, in fact, to see how the work of the chemist 
could go on without this metal. Platinum forms brittle 
alloys with lead, antimony and arsenic, so that com- 
pounds of these metals should not be heated in vessels 
of platinum Large platinum vessels are used for con- 
centrating sulphuric acid; it is also employed in the 
construction of electrical apparatus, and thin platinum 
wire has been used in surgery in special cases. 

356. Antimony is a silver-white metal with a specific 
gravity about 6 8 , it is hard and very brittle. It melts 
at 630 Antimony is used for the manufacture of 
tartar emetic (potassium antimony tartrate) and other 
medical preparations. It is also a constituent of some 
important alloys such as type metal, Britannia metal and 
plate peioter ; the two last are composed of from 80 to 
90 per cent of tin, from seven to 15 per cent of antimony, 
and small quantities of copper x zinc or bismuth. Type 
metal contains lead, antimony and tin in the proportions 
of about two of lead to one each of antimony and tin. The 
antimony confers upon the alloy the extremely desirable 
property of expanding on solidification, and it is thus 
possible to obtain a very accurate cast of the letters. 

357. Bismuth, is a hard, brittle, greyish-white metal, 
with a reddish tinge. It is used for the manufacture of 
compounds of bismuth, some of which are employed in 
medicine and as cosmetics. Bismuth forms alloys with 
lead and tin, which have a low melting-point (in some 
cases below 100 ), and are known collectively as fusible 
metal* These alloys possess the rem<irkable property of 
expanding on solidification, and are theiefore much used 
in stereotyping. 

* Wood's Metal, which melts at 60 "5 (7., is composed of four parts 
of bismuth, two of lead, and one each of tin and cadmium. 
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QUESTIONS, CHAPTER XXVIII, 

1. Write an account of the properties and uses of 

wrought-iron, cast-iron, and steel, 

2. Enumerate the chief alloys of copper, and name the 

elements that enter into their composition. 

3. Compare and contrast the metals lead and copper 

as regards physical properties Describe briefly 
the behaviour of water towards lead. 

4. What are " galvanised iron," and "tin plate "? 

What advantage is gained by coating other metals 
with zinc and tin ? 

5. What is the composition of (1) bronze coinage, (2) 

silver coinage, (3) gold coinage, (4) trinket gold, 
(5) aluminium bronze? How do these alloys 
differ from each of the metals of which they are 
composed 1 

6 What is the cause of the blackening of silver articles 
when kept exposed to the air 1 Which other common 
metals undergo a change under similar conditions, 
and which do not? 

7. Compare and contrast the metals gold, quicksilver 

and sodium physically, and as far as you can 
chemically, i e* as regards their behaviour towards 
air, water and common acids. 

8. What elements enter into the composition of (1) 

common pewter, (2) type metal, (3) plate pewter, 
(4) fusible metal, (5) phosphor bronze 1 Upon what 
particular properties does the use of these alloys 
respectively depend? 

9. Arrange the common metals in oider of (a) their 

fusibility, (b) malleability, (c) hardness, (d) tenacity, 
(0) ductility, (/) specific gravity. (N.B. Note to 
what extent there is similarity or otherwise in the 
order in each case.) 



CHAPTEE XXIX. 

COMMON METALLIC OXIDES AND HYDROXIDES-LIME, 
'CAUSTIC SODA 9 etc, 

358. Lime. When chalk, or limestone, or any other form 
of calcium carbonate is heated in the air carbon dioxide is 
given off, and quicklime or calcium oxide (CaO) is left 
The change which, takes place is represented by the 
equation 

CaC0 3 = CaO + C0 2 . 

Manufacture of Lime. On the large scale lime is 
manufactured from chalk or limestone by the process 
called hm&-lurning, in which the chalk or limestone is 
heated to bright redness in a kiln which is so constructed 
that sufficient air can be passed thiough it to carry away 
the carbon dioxide as soon as it is set free. The fuel 
used to heat the chalk may be wood, coke or coal, all of 
which leave little ash. The materials used should not be 
too dry, as the steam formed assists m the removal of 
the carbon dioxide. Two kinds of kilns are still in use. 
The older form is egg-shaped and has a fire-grate at the 
bottom^ A layer of large pieces of limestone is arranged 
over this in the form of an arch, and above this smaller 
pieces are placed until the kiln is filled. A fire is lighted 
under the arch of limestone, and kept burning for three 
days and three nights, by which time the whole of the 
limestone is converted into quicklime and can be raked 
out at the bottom. This process is intei mitten t, but is 
modified in the more modern one so as to be continuous. 

408 
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In this process the kilns are bucket-shaped. The fuel 
and limestone are charged in alternate layers in the 
proportion of about four parts of limestone to one part of 
fuel, and at the base of the kiln are gratings and dampers 
for admitting and regulating the air supply. The lime is 
raked out at the bottom as the change becomes complete. 

Lime prepared in this way contains any * impurities 
present in the original chalk or limestone together with 
the ash of the fuel used. If required pure, it is made by 
heating pure marble or calcite or Iceland spar in a 
platinum dish in a draught of air in a muffle furnace. 

359 Properties. Pure lime is a very white and very 
infusible amorphous substance. When heated to a high 
temperature it becomes incandescent and gives out a 
bright white light, the lime light. This is used in the 
optical lantern by heating a cylinder of compressed lime 
in an oxyhydrogen flame; or in the "Welsbach incan- 
descent light by heating a lime gauze in a Bunsen 
burner. At the temperature of the electric furnace, 
however, lime can be fused. 

Exp 200 Take a lump of quicklime, weigh it roughly, and pour 
on it about one-thai d of its weight of water. Observe the development 
of heat, the increase in lullc, and the change to a fine dry powder. 
Weigh aftei wards and note increase in weight (after heating in an air 
oven to drive off excess of water added). 

A chemical combination evidently occurs between the 
lime and the water : the compound calcium hydroxide is 
formed. An equation may be given : 

CaO + H 2 = Ca(OH) 2 . 

This process is known as slaking lime, and the product is 
called slaked lime. The absorption of water with evolu- 
tion of heat distinguishes quicklime (CaO) from slaked 
lime. 

Exp 201. Mix some slaked lime with water Filter and evaporate 
some of the solution; note the residue. Test the solution with 
litmus : it turns blue. 
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Slaked lime is thus soluble in water, forming lime 
water , it also forms a paste with water, milk of lime* 

Exp 202, Mix some limo with watci in a moitar and pound it into 
a thick paste Allow it to stand in the air It giadually dries, shiink^ 
and hardens Test with acid . it fizzes, giving off caibon dioxide 

Mortars and Cements The properties just investi- 
gated are made use of in making moitais and cements 
Mortar is made by mixing a paste of lime and water 
with three times its weight of sharp sand. The sand 
prevents the mass from shrinking and falling to pieces 
on drying The causes of the hardening of mortar are 
(1) loss of water, (2) the conversion of lime into calcium 
carbonate by the action of atmospheric carbon dioxide, 
and (3) the chemical combination of the slaked lime and 
sand to form hydiated calcium silicate 3 the last cause is, 
however, the least important. 

Limestone may contain considerable amounts of im- 
purities. Thus, if the impurity is magnesium carbonate, 
the lime formed from it will contain magnesia, and will 
only slake slowly with a small rue of temperature } such 
lime is called poor. If the impurity is clay (from 15 to 
30 per cent), the lime formed will set and harden under 
water, and is known as hydraulic moitar or Portland 
cement Portland cement is manuf actui ed on the large 
scale by burning an intimate artificial mixture of lime- 
stone and clay in kilns 

Lime is also used on a large scale in many operations, 
such as the manufacture of caustic soda, of bleaching 
powder, and of ammonia, and in the purification of coal- 
gas, etc It is also used in agriculture, where its actions 
on the soil are very varied. 

Quicklime absorbs Tvater so readily that it is used 
for the dehydration of alcohol and for the drying of 
ammonia, which would combine with the drying agents 
calcium chloride and sulphuric acid. 

360. Caustic Soda, sodium hydroxide, IsTaOH, is manu- 
factured by two processes, (1) the electrolysis of sodium 
chloride solution, (2) the action of lime on the "red 
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liquor" obtained in the Leblanc process for the manu- 
facture of sodium carbonate. After the greater part of 
the sodium carbonate has been crystallised out from the 
kquid obtained by lixiviating " black ash," a solution 
remains which contains caustic soda, sodium carbonate, 
and a number of other substances such as sodium sul- 
phide, sodium cyanide and sodium thiosulpbate. This 
is the "red liquor" already referred to It is first 
treated with a current of air which oxidises some of the 
impurities, e. g. the sodium sulphide (which is converted 
into sodium sulphate) ; lime is then added and the 
mixture boiled. A double decomposition takes place 
between the sodium carbonate and the lime, calcium 
carbonate being precipitated and caustic soda going into 
solution. 

Na 2 C0 3 + Ca(OH) 2 = CaC0 3 + 2 NaOH. 

After settling, the liquid is decanted off! and evaporated 
down in iron vessels till all the water is driven off It 
is then poured into stick-moulds and allowed to solidify. 

Caustic soda is a white deliquescent solid very soluble 
in water, forming a strongly alkaline solution. Either 
in the solid state or in solution it rapidly absorbs carbon 
dioxide from the air, forming sodium carbonate 

2 NaOH + C0 = NaC0 + H0 



Caustic soda is used on the large scale in the manu- 
facture of soap and paper and in the refining of oils. 
Caustic potash) potassium hydroxide, KOH, is prepared 
by boiling potashes (potassium carbonate) with slaked 
lime. It closely resembles caustic soda in properties, 
and is used in the manufacture of soft soap. 

361. Spirits of Hartshorn (liquor ammonias), ammonium 
hydroxide, NH 4 OH, is manufactured by distilling the 
ammoniacal gas liquor obtained in the manufacture of 
coal-gas (see 285) with slaked lime. It owes its popular 
name to the fact that it was at one time obtained by 
the destructive distillation of harts' horns It is really 
a very strong solution of ammonia gas in water, and 
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smells strongly of this gas. Spirits of hartshorn is 
much used in ice-making machines, e. g. that invented 
by Carre (see 184) 3 it is also employed in medicine, 
in the manufacture of colouring matters, and in dyeing 
and cahco-pnnting. It is a useful laboratory reagent 
and finds some application for domestic purposes. 

362, Sodium Peroxide, sodium dioxide, Na 2 2 , is made 
on the large scale by heating sodium in air which has 
been freed from carbon dioxide and moisture. It is a 
white solid when pure, though slightly yellow as usually 
prepared, and is a strong oxidising agent , on this account 
it is used in the chemical analysis of refractory minerals 
such as chrome iron-stone 

It reacts with hydrochloric acid, forming hydrogen 
dioxide, and the liquid so produced is called soda-bleach; 
this liquid is prepared on the large scale and is used for 
bleaching straw. 

363. Magnesia (calcined magnesium or magnesia usta), 
magnesium, oxide, MgO, is manufactured by strongly 
heating magnesia alba, a compound of magnesium car- 
bonate and magnesium hydroxide (see 374), when carbon 
dioxide and water are driven off and magnesium oxide 
remains behind as a white powder. Magnesia only com- 
bines slowly with water, diffeiing in this respect from 
quicklime, which, as we have seen, has a great attraction 
for water , moreover, magnesium hydroxide, the com- 
pound produced, is almost insoluble in water, whereas 
slaked linie is moderately soluble * Magnesia is a very 
infusible substance, and is, therefore, used for making 
crucibles and fire-bricks. When strongly heated it emits 
a very bright light, and on this account, pencils of mag- 
nesia are employed in the Drummond light It is also 
used in medicine. 

* One part by weight of magnesium hydi oxide dissolves in 55,000 
parts of water, wheieas one part of slaked hme reqimes only 400 parts 
of watei. 
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364. Baryta, barium monoxide, BaO, is a white powder 
chiefly notable for its employment on the large scale in the 
manufacture of oxygen from the air by Erin's process 
(see 75). 

Strontium Hydroxide, Sr(OH) 2 , is employed on the 
large scale in the purification of sugar, and has almost com- 
pletely replaced barium hydroxide which was formerly used 
for this purpose, on account of the poisonous nature of the 
latter substance. It forms a compound with sugar which is 
insoluble, and can, therefore, be readily purified. On sus- 
pending this compound in water and passing in carbon 
dioxide, strontium carbonate (an insoluble compound) is 
formed, and sugar goes into solution; the carbonate is re- 
moved by filtration and pure sugar crystallised out from 
the clear liquid. 

365. Red Precipitate, mercuric oxide, HgO, is manu- 
factured by heating mercury and mercuric nitrate together ; 
as thus prepared it is a brick-red crystalline substance. It 
is very poisonous. When heated it decomposes into mer- 
cury and oxygen (see 12). 

366. Litharge and Massicot are both forms of lead 
monoxide (PbO). Massicot is a yellow solid obtained 
by heating lead in air to low redness. If a higher 
temperature is used so that the oxide is produced at 
a temperature above its meltiog-point, it forms a red 
liquid which on cooling solidifies in the form of yellow 
or reddish flakes, and in this form is called litharge. 
Litharge is used as a glaze for earthenware and in 
making flint glass. It is also employed in the manu- 
facture of a number of lead compounds such as white 
lead, red lead, sugar of lead, drying oils and lead plaster. 
(For behaviour towards water, see under Lead, 346 ) 

Eed Lead or Minium, Pb 3 4 , is prepared by heating 
massicot to dull redness for 24 hours in a current of air. 
It is a red crystalline granular powder, which on heating 
to a sufficiently high temperature darkens in colour, and 
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then decomposes into oxygen and litharge. It is largely 
used in the manufacture of flint glass and paint. 

Puce-coloured Oxide of Lead, lead peroxide, Pb0 2 , is 
obtained by the action of nitric acid on red lead 

Exp 203 Obtain a few gi amines of ltd lead Place it in a porcelain 
dish and add dilute mtnc acid Warm gently, and stir with a glass 
rod till all tiace of the onginal icd coloui ot the red lead has dis- 
appeaied Tin* Liovvn pcwdeu remaining is the dioxide, filter; the 
filtiale contains lead nitrate , evapoiate to smaller bulk and allow 
this to ciystalh&e out Wash the residue on the filtei with -water, 
and diy it 

Lead dioxide gives off oxygen on heating, leaving 
litharge. "Waimed with strong hydrochloric acid, chlorine 
is liberated. It is much used in the manufacture of 
lucifer matches on account of its strong oxidising 
properties 

367. Corundum is the natural crystallised form of 
alumina or aluminium oxide, A1 2 3 . The pure trans- 
parent coloured varieties of corundum are valued as 
gems, and have received names derived from their 
colour i thus ruby and sapphue consist of corundum 
coloured red and blue respectively, the colour being due 
to the presence of minute traces of impurities. Emery 
is a coarse black impure form of corundum containing 
oxide of iron ; it is used for grinding and polishing metal 
and glass. 

368. Pyrolusite is the impure native form of manga- 
nese dioxide, Mn0 2 , and is a hlack solid substance. It 
is used in the manufacture of chlorine, and in glass 
making to correct the green tmt due to the lower oxide 
of iron, and so render the glass colourless It varies 
much in composition, but usually contains from 55 to 
70 per cent, of Mn0 2 ; the chief impurities are ferric 
oxide, silica and calcium carbonate. 

369. Putty Powder, stannic oxide, Sn0 2 , is a white 
powder made by treating tin with nitric acid and igniting 
the white powder (meta-stanmc acid) which is formed, to 
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drive off water. A poorer quality is prepared by heating 
tin in air Putty powder is used for polishing inetal, 
marble, glass and stone, and in making enamels and 
opaque glass. 

" Putty, the substance used by the glazier, is merely a 
mixture of whiting (levigated chalk) and linseed oil. 

White Arsenic, arsemous oxide, As 4 6 , is manufactured 
by roasting (i. e. heating in air) native compounds of 
arsenic. The arsenic is converted into arsenious oxide 
which volatilises and is condensed in suitable chambers 
White arsenic is a white opaque crystalline solid, slightly 
soluble in water. It is chiefly employed in the manu- 
facture of certain pigments, in dyeing and calico-printing, 
and in the making of enamels. It is also used in glass 
making to correct the green colour due to the lower 
oxide of iron. It is employed in medicine, and as 
an antiseptic, e. g. to prevent " smut " in wheat, and, 
owing to its very poisonous nature, it is much used as a 
rat poison, When sold for this purpose it is usually 
mixed with red lead or powdered charcoal to prevent 
it being mistaken for other common and harmless 
substances which have a veiy similar appearance. 



aiTESTIONS. CHAPTER XXIX. 

1. What is lime? How is it made on the large scale 1 

What is its behaviour towards (a) air, (b) water ? 

2. What does mortal usually consist of 2 Why does 

mortar harden? How could you prove that your 
explanation was correct ? 

3. Describe and explain what you observe when you 

pass carbon dioxide through lime water 

4. How is caustic soda manufactured from " red liquor" fl 

Enumerate the properties of caustic soda. What 
happens if it is left exposed to the air? 
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5. What is c " spirit of hartshorn " 1 By what other 

names is it known ? Describe the properties known 
to you, and mention any of its uses 

6. Describe the appearance and chief properties of the 

following . Sodium peroxide, magnesia, baryta 
and red precipitate Give their chemical compo- 
sition, and mention any purposes for which they 
are respectively used. 

7. What are the chief physical characters and the 

chemical nature of the following . Corundum, red 
lead, litharge and pyrolusite^ How can the puce- 
coloured oxide of lead be got from red lead? 

8. What is " white arsenic " 1 Mention its chief pro- 

perties. Eor what purpose is it used? 



CHAPTEE XXX, 

SECTION I 
COMMON CARBONATES-WASHING SODA, CHALK, etc, 

370, Washing Soda, or Soda, sodium carbonate, Na 2 00 3 
+ 10H 2 0, is manufactured on a large scale from common 
salt (NaCl) by two methods In the fhst or Lellanc 
process, common salt is converted into salt-cake (sodium 
sulphate) by heating with strong sulphuric acid 



2NaCl + H 2 S0 4 = Na 2 S0 4 + 2HOL 

The sodium sulphate is heated with coal and limestone in 
revolving furnaces, by which the materials are thoroughly 
mixed, This results in the formation of sodium car- 
bonate 

Na 2 S0 4 + Ca00 3 + 20 - Na 2 C0 3 + CaS + 200 2 

After cooling, the mass is lixiviated, ie, mixed with 
water, which dissolves out sodium carbonate and a 
number of other substances in smaller quantity. The 
calcium sulphide combines with lime and remains behind 
as an insoluble oxy-sulphide, alkali waste, from which the 
sulphur is recovered by suitable processes. The solution 
of sodium caibonate is concentrated by heating, and 
crystals of the composition Na 2 C0 3 + H 2 separate out 
from the hot solution. These are calcined in a reverber. 
atory furnace, when a much purer product (sod& ash^ 
Na 2 C0 3 ) is obtained. This is dissolved in water, evapor- 
M OBBH, 417 EB 
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ated, and allowed to cool, and gives large, transparent 
crystals of washing soda 

Na 2 C0 3 + 10H 2 0. 

The second process is known as the Solvay or ammonia 
soda process It depends on the fact that at ordinary 
temperatures sodium bicarbonate (NaIIC0 3 ) is less 
soluble than sodium chloride, ammonium bicarbonate 
and ammonium chloride. (This illustrates the general 
rule, that when by the interaction of substances in solu- 
tion one insoluble substance can be formed, that sub- 
stance will be formed.) A strong solution of common 
salt is saturated with ammonia and well cooled. After 
cooling, the liquid is run slowly down a cylinder up 
which a stream of carbon dioxide is passing A cream 
collects at the bottom consisting of an aqueous solution 
of ammonium chloride, etc., with suspended sodium 
bicarbonate. Equations may be given 

NH 3 + H0 + C0 
NaCl 



The cream is filtered and the solid sodium bicarbonate 
heated : carbon dioxide and water are given off, and 
sodium carbonate is left behind 



2 NaHC0 3 - Na 2 C0 8 + C0 2 + H 2 0. 

The residue is dissolved in water, and crystallised as 
washing soda, Ka 2 CO s + 10H 2 0. 

Properties. These can be conveniently studied ex- 
perimentally, 

Ezp. 204 Dissolve some crystals of washing soda in water and note 
that they are very soluble ; concentrate the solution and allow to 
crystallise. Examine the crystals ; they are large and tianspaient, 
and possess a glassy lustre. Leave them exposed to the an for some 
time ; they gradually lose water, i. e. effloresce, and become covered with 
an opaque white powder, the composition of which is Na^COs + H 3 



Exp. 205 Test a solution of washing soda with red litmus ; the 
litmus is turned blue, showing that the solution is alkaline Add a 
little dilute hydrochloric acid and observe the effeivescence pioduced 
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If carbon dioxide is passed through, a solution of sodium 
caibonate, or over moistened crystals of the same salt, 
sodium bicarbonate is formed 



+ H 2 + C0 2 = 2NaHC0 3 . 

Uses Sodium carbonate is used in large quantities in 
the manufacture of glass, soap, and other compounds of 
sodium. The action of sodium carbonate on greasy 
materials is very characteristic. 

Exp. 206. Take two bottles, and into each put some water and a 
few drops of olive oil luto one bottle put some sodium carbonate, 
and shake them both. The water containing the sodium caibonate 
becomes creamy and takes veiy much longer to clear than the other. 

Washing soda thus helps to separate oils and fats into 
small particles, forming emulsions, and so enables them 
to be washed away by water. 

Exp. 207. Pour some sodium carbonate into solutions of calcium 
sulphate and chlonde and magnesium sulphate. Note that precipi- 
tates are formed. 

Washing soda is thus able to react with water con- 
taining lime or magnesium salts and to remove them 
in the form of a precipitate. This explains its use in 
removing hardness of water (see 114). 

Baking Soda, sodium bicarbonate, NaHCO^ is a white 
crystalline powder, only moderately soluble in water. 

Exp 208. Show that sodium bicarbonate is much less soluble in 
water than the normal carbonate, and that the solution is slightly 
alkaline. Obseive the busk effervescence produced by hydroehlouc 
acid. 

On heating sodium bicarbonate it is decomposed with 
evolution of carbon dioxide and water vapour, leaving a 
residue of the normal salt. 



2 NaHC0 3 = Na 2 C0 3 + H 2 + C0 2 . 

The same change takes place when an aqueous solu- 
tion of the salt is boiled. The use of baking soda in 
cookery depends upon this decomposition, the evolution 
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of carbon dioxide causing the dough to "rise." Bi- 
carbonate of soda is also used in the preparation of 
effervescing drinks. For this purpose it is mixed in the 
dry state with an acid, usually tartanc acid - } on adding 
water the two substances react with the evolution of 
carbon dioxide which causes the effervescence. 

Ezp 209 Take two test-tubes and half fill them with water. Boil 
the water in "both, then allow them to stand till they have just ceased 
to Loil Now diop into one a small quantity of bicaibouate of soda; 
note tlie effei vescence due to the escape of caibon dioxide. To the 
othei add the oidinary carbonate (washing soda) In this case theie 
is no evolution of gas. We may in this way readily distinguish the 
two eaibonates of soda. 

371. Potashes, potassium carbonate, K 2 00 3 . The ash 
of plants contains a notable quantity of potassium salts, 
chiefly carbonate, and at one time this forme J. the chief 
source of potassium compounds. The potassium car- 
bonate was extracted by boiling the ash with water in 
pots, hence the term "Pot-ashes" (and from this potash), 
Potassium carbonate is now manufactured from potas- 
sium sulphate (which occurs in the Sfcassfurt salt 
deposits), by a process resembling the Leblanc process 
for the manufacture of washing soda from sodium 
sulphate. It is used in the manufacture of glasses 
which contain potassium, e g. flint glass, and in the 
preparation of other compounds of potassium. 

372. Sal- volatile is impure ammonium caibonate. It 
is manufactured by heating together ammonium sulphate 
and chalk when double decomposition takes place with 
formation of ammonium carbonate and calcium sulphate. 
The ammonium carbonate volatilises and is condensed 
in cool chambers. Sal-volatile is used to some extent 
as a baking powder, and it is also employed in dyeing, 
and in "washing woollen fabrics. 

373. Chalk, calcium carbonate, CaC0 3 , is usually a 
white and soft substance and is found in masses which 
are in many cases some hundreds of feet in thickness. 
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When examined under the micioscope it is seen to be 
made up of the hard parts of the skeletons of tiny 
marine animals ; their remains must have accumulated 
in former oceans, and were consolidated by subsequent 
Seposits of a different kind e g clay until some 
geological change elevated them above their origmal 
position. 

"When acted upon by dilute acids chalk gives off 
carbon dioxide and forms a calcium salt of the acid ; it 
often leaves a residue of hard silica or silicates, so that 
it is for the most part carbonate of calcium which, how- 
ever, is frequently mixed with silica or calcium silicate. 

When well shaken with water the larger particles 
settle first, and the small particles may be poured off in 
suspension in the water : they settle later, and are sold 
under the names of whiting and precipitated chalk. 

Chalk is largely used for polishing, as a colour, as a 
source of carbon dioxide, and as a source of lime. 

Exp 310, Suspend some whiting in water, and pass carbon dioxide 
through it Filter the pioduct Evapoiate 10 c c. of the solution to 
dryness. Boil some moie of the solution to expel caibon dioxide, 
filter, and evapoiate 10 c.c. of the filtered solution. Compaie the 
amounts of residue. 

Since in the latter case the residue is much less, we 
see that chalk is insoluble in pure water, but readily 
dissolves in water containing carbon dioxide, i e. in 
carbonic acid 

Now the soil water is usually saturated with carbon 
dioxide, so that in chalk or limestone districts this water 
becomes saturated with chalk m solution in carbonic 
acid. These solutions may deposit the chalk on evapor- 
ation either as crystalline calcite or as stalactites and 
stalagmites. Examples of the two latter are to be seen 
in many of the limestone caverns in Derbyshire. 

When chalk is heated in the air it loses carbon dioxide 
and is converted into quicklime, as we have already 
seen (358), but if it is heated strongly in a confined 
space so that the carbon dioxide cannot e&cape, it is 
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converted into more compact forms of calcium carbonate, 
namely, limestone or marble. 

374. Dolomite or Magnesian Limestone is a naturally 
occurring substance, consisting of an intimate mixtur 
of calcium carbonate and magnesium carbonate (MgC0 3 ). 
It forms very extensive rock masses and is used as a 
building stone The Houses of Parliament are con- 
structed of this mateiial. The mineral dolomite is a 
double carbonate of calcium and magnesium, and is not 
by any means a common substance. Its formula is 
OaCOj + MgCOj 

Magnesia Alba Levis is a basic carbonate of magnesium 
having the composition 3 MgC0 3 + Mg(OH) 2 + 3 H 2 0. 
It is produced as a white precipitate when cold solutions 
of sodium carbonate and magnesium sulphate (Epsom 
Baits) are mixed. It is a very light substance, 

Magnesia Alba Ponderosa is a much denser basic 
magnesium carbonate having the composition 4MgC0 3 f 
Mg(OH) 2 + 4 H 2 It is obtained when boiling solutions 
of sodium carbonate and magnesium sulphate are mixed. 



SECTION II. 
COMMON HALOGEN SALTS. 

375 Sodium Chloride or Common Salt, NaCl This is 
by far the most important material as a source of sodium 
salts. In some cases it is obtained in the solid state 
from mines, but more usually it is brought to the surface 
in the form of brine and the salt recovered from this by 
evaporation in pans. On the Continent, in the case of 
weak brines it is customary to subject the liquor to a 
preliminary concentration by allowing it to pass over 
stacks of twigs or brushwood. In England, much of the 
salt is raised as brine, and some idea may be formed of 
the extensive use which is made of it, from the fact that 
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over two million tons of salt are produced annually, 
three-fourths of this in Cheshire, and the rest chiefly in 
Woicestershire and Durham. Common salt is used as 
, glaze for earthenware and for culinary purposes ; also 
as the means of producing " salt-cake " (sodium sulphate), 
washing soda and "soda ash " (sodium carbonate), and 
caustic soda, etc. 

The properties of common salt should be investigated 
by a series of experiments such as the following: 

Exp, 211 Examine some common salt, and note that it is a white 
ciystallme substance. When laige enough, the crystals are seen to be 
colourless cubes, which have a glassy lustie. Heat a little of the diy 
salt in a test-tube, and note that the crystals break up with a crackling 
sound. Next heat a little of the salt on a platinum wire in the 
Bunsen flame, and note the very blight yellow colour imparted to 
the flame. 

Exp. 212. Place 100 c.c. of water in a beaker, add 50 grammes of 
common salt, and stir for some time. A portion of the salt will be 
left undissolved Filter off the solution and evapoiate to dryness we 
can determine the exact weight of dissolved salt. It should be about 
36 gi amines 

Now heat 50 grammes of salt in 100 c.c. of water to 100. Filter 
rapidly while hot, and evaporate the solution. The weight of dissolved 
salt \\ill be found to be very little moie than before. Common salt 
furnishes an exception to the rule that solids are much more soluble in 
hot than in cold water. 

Exp. 213 Take some of the solution of common salt prepared in 
the last experiment, and test it with red and with blue litmus paper 
Since no effect is produced on either, common salt is neutral To 
another portion of the solution add a solution of silver nitrate: a 
white precipitate of silver chloride will be formed. 

376. Potassium Chloride, KC1, occurs in enormous 
quantities in the Stassfurt salt deposits, in combination 
with magnesium chloride as carnallile, and this is the 
chief source of the salt. It very closely resembles 
common salt in properties, and is chiefly used as an 
artificial manure and in the manufacture of other 
potassium salts. 

Potassium Bromide, KBr, and Potassium Iodide, KI, 
are very similar to potassium chloride ; they are of great 
importance in medicine and in photography. 



424 COMMON IIALOGJEN SALTS. 

377. Sal ammoniac, ammonium chloride, NH 4 01, is 
manufactured by passing the ammonia produced by 
heating ammomaccxl gas liquor with slaked lime into 
hydrochloric acid 

NH 3 + HC1 = NH 4 OL 

The sal-ammoniac is crystallized out from the solution 
and purified by sublimation. The last process consists 
111 heating the salt in an iron pot provided with a metal 
cover ; the sal-ammoniac vaporises without melting and 
condenses on the cover in the form of a white tough 
fibrous mass. It is used in dyeing and in soldering and 
tinning ; it is also employed in medicine and as a reagent 
in the laboratory. 

The liquid in the Leclanchd cells, so much used for 
ringing electric bells, is a solution of sal-ammoniac. 

The behaviour of this substance on heating is both 
interesting and instructive. 

Exp 214 Place a small quantity of the powdered sal-ammoniac in 
a dry test-tube. Heat gently over the Bunsen flame. Note tliat the 
substance (a) passes into vapour without molting; (1) settles down 
higher up the tube as a white deposit (this is an example of a 
sublimate). While still in the flame and therefoie fairly hot, lower a 
reddened litmus paper caiefully into the vapours in the test-tube 
You will notice that the paper is turned blue in the upper part of the 
tube but is reddened again a little lower down. 

This proves that the sal-ammoniac undergoes decom- 
position on heating (into ammonia and hydrochloric 
acid), the lighter ammonia being in excess in the upper 
part of the tube, the heavier acid gas in the lower. 

We can in this way easily distinguish sal-ammoniac 
from such substances as common salt and potassium 
chloride, which do not sublime on heating. 

Calcium Chloride, CaCl 2 , is obtained as a bye-product 
in a xrunber of important processes, e g in the ammonia- 
soda process and in the manufacture of potassium 
chlorate as well as in the preparation of carbon dioxide 
from marble and hydrochloric acid. Its properties may 
be investigated as in the following experiment 
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Exp 215 Examine some calcium chlonde It is a colouiless solid, 
usually in fused masses Place a few giammcs of the solid in a 
watch-glass on tlie scale of a balance, and counterpoise On exposure 
to the an foi Lalf-an-houi, it will be found to have inci eased in weight. 
p Tlns is duo to its absoiption of moisluic fiom the azi , this piopcity 
accounts foi the use of calcium clilonde as a desiccating agent. 

Heat a little of the substance on a platinum wire, and note that 
it gives a led lint to the Bunsen flame Dissolve a little in water, 
noting its gieat solubility ; add solution of silver nitrate, and observe 
the white precipitate. 

Exp. 216 Shake up in a small flask provided with a sound well- 
fitting coik, a quantity of benzene \\ith a few diops of water. Notice 
that the benzene after shaking with the water has a slight milky 
appeaiance. Now add some pieces of fused calcium chloride, and 
shake again Allow to stand a little while. The benzene will bo 
found to be quite clear again. The water has been removed by the 
calcium chlonde and the benzene is now quite dry. It should now 
be poured off from the liquid (or solid) calcium chloride. 

378. Calomel, mercurous chloride, HgCl, is a white 
crystalline salt insoluble in water. It is prepared by 
subliming a mixture of mercury and corrosive sublimate 
(HgCl 2 ), any of the latter salt which sublimes unchanged 
being removed by washing with water in which it is 
soluble. Calomel is also made by adding hydrochloric 
acid or common salt to a solution of mercurous nitrate; 
double decomposition takes place and a white precipitate 
of calomel is formed. This salt is of great importance 
in medicine. 

Corrosive Sublimate, mercuric chloride, Hg01 2 , is 
manufactured by heating a mixture of mercuric sulphate, 
HgS0 4 (prepared by heating mercury with strong 
sulphuric acid) and common salt, and finally separating 
the mercury salt by sublimation. Prepared in this 
manner it is a white crystalline solid readily soluble in 
water and in alcohol. Corrosive sublimate is extremely 
poisonous, but in small doses it is a valuable medicine , 
its solution also possesses powerful antiseptic properties, 
and is used, for example, in the preservation of insects 
which are stuffed with cotton wool soaked in mercuric 
chloride. 
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Zinc Chloride, ZnCl 2 , Is manufactured by dissolving 
zinc in hydrochloric acid and evaporating off the water. 
It is a soft white deliquescent solid possessing powerful 
caustic properties, on account of which it is employed 
m surgery. Zinc chloride is also used for the purpose' 5 
of " weighting " cotton. 

A solution of zinc chloride is used in soldering, while 
the fused salt is a useful dehydrating agent (cf. Ca01 2 ). 

379. Tin Salts or tin crystals, stannous chloride, SnCl 2 
f 2 U 2 0, is made on the large scale by dissolving tin 
in hydrochloric acid, and allowing the salt to crystallise 
out. It is used extensively in dyeing and calico printing, 
and is a useful laboratory reagent. 

Butter of Tin, oxymuriate of tin, stannic chloride, SnCl 4 
+ 5 H 2 0, is also employed in dyeing and calico-printing. 



SECTION III. 
COMMON SULPHATES. 

380. The Vitriols are well known substances which have 
been long used for a variety of purposes They include 
the sulphates of iron, copper and zinc, known respect- 
ively as green, blue and white vitriol. To these^ though 
not usually termed a "vitiiol," might be added Epsom 
salts or sulphate of magnesium, which closely resembles 
white vitriol in appearance, as well as in some of its 
properties. 

Green Vitriol, Copperas, ferrous sulphate, FeS0 4 + 
7 H 2 0, is made by dissolving iron in dilute sulphuric 
acid, and separates out on evaporation in the form of 
light green transparent crystals. Investigate the pro- 
perties of the salt as in the following experiment 

Exp 217. Note the beautiful green colour of the crystals. Test 
their solubility in cold water : they require about twice their weight in 
water for solution. Boil the green solution, and note that it turns 
brown. This is due to the partial oxidation of the salt from the 
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ferrous to the feme state. Heat some of tlie ciystalg in a poicelain 
ciucible : a biownisli-red residue of feme oxide is obtained, wlulst 
stiongly acid fumes are given off. Fuming siilphmic acid is made 
(see 230) by heating this body To a solution of some crystals m cold 
^water add potassium feirocyanide a daik blue piccipitate will be 
pioduced. 

Ferrous sulphate finds important applications In the 
arts and manufactures \ thus it is used in making inks 
and pigments, e. g. Prussian blue, in the manufacture of 
colcothar and fuming sulphuric acid, and in tanning and 
dyeing. 

381. Blue Vitriol, blue stone, cupric sulphate, CuS0 4 
+ 5 H 2 0, is made on the large scale by roasting copper 
pyrites, a native sulphide of copper and iron; the copper 
is converted into sulphate and the iron into oxide. On 
now treating the mass with water, the cupric sulphate 
dissolves out, leaving the iron oxide as an. insoluble 
residue \ the solution is then evaporated and crystallised. 
Blue vitriol is also manufactured from scrap copper. It 
is largely used in making pigments, in calico-printing, 
and in agriculture to prevent smut in seeds. It is also 
employed in electroplating and electrotyping and in 
Darnell's electric battery. 

The properties of blue vitriol should be studied as 
follows 

Exp. 218. Observe the fine large blue crystals, which dissolve in 
four times their weight of water. Heat some of the crystals in a test- 
tube, and obseive that water of ciystallisation is given off Heat to a 
higher tempeiature in a porcelain crucible ; the remaining water of 
crystallisation will be diiven off, and the anhydrous residue will be 
found to be almost white. Pour a few drops of water on this white 
residue . the blue colour is immediately restored. 

White Vitriol, zinc sulphate, Zn S0 4 + 7 H 2 0, closely 
resembles Epsom salts in appearance. It is produced 
when sulphuric acid acts on zinc as in the preparation of 
hydrogen ; white vitriol is manufactured by heating zinc- 
blende (ZiiS) in air when oxygen is absorbed according 
to the equation 

ZnS + 2 2 = ZnS0 4 . 
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On lixiviating the mass with water the zinc sulphate 
dissolves out, and on evaporating the solution and cooling, 
crystals of the composition ZnS0 4 + 7H 2 separate. 
Zinc sulphate is employed for a variety of purposes; 
thus it is used in the manufacture of drying oils and* 
varnishes, and in dyeing and calico-printing. Also its 
aqueous solution is much used in pharmacy as a lotion. 
Zinc sulphate is a poisonous substance. 

Exp 219 Dissolve some zinc in sulphuric acid, evaporate and 
allow to cool when colomless crystals ot zinc sulphate will separate 
out Test the solubility of the crystals 111 water they regime two- 
and a-half times then weight of water for solution. Heat some of the 
ciy&tals in a diy test-tube, and note that they give up pait of their 
water of crystallisation, which condenses in the cool part of the tube. 

382. Epsom Salts, magnesium sulphate, MgS0 4 + 
7 H 2 0, is a colourless crystalline substance occurring in 
sea water and in many mineral waters. 

Exp. 220. Examine some crystals of Epsom salts and note that they 
are colouiless pi isms. Test the solubility of the crystals in water , 
they will be found to require about three times then weight of water 
foi solution Heat some of the ciystals in a dry test-tube : the ciystals 
become opaque and lose their water, which condenses in the cool part 
of the tube 

Epsom salts is prepared on the large scale from the 
salt deposits at Slashfuit in Germany, which contain 
considerable quantities of magnesium sulphate associated 
with other salts. It is used medicinally and also in 
dyeing. 

383. Calcium Sulphate, OaS0 4 , occurs native in a num- 
ber of different forms. The anhydrous salt is found as 
Anhydrite Selenite, gypsum and alabaster each contain 
two molecules of water of crystallisation. 

When gypsum is heated to a temperature of about 
140 C, most of its water of crystallisation is driven 
off and a white mass is left, which when powdered 
constitutes Plaster of Paris. If this powder is made 
into a paste with water rapid combination takes place 
with rise of temperature, and in a short time the whole 
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sets to a hard mass. On this property depends the 
employment of Plaster of Pans as a cemont and for 
making plaster casts If gypsum is heated to a tem- 
perature of 200 C. it loses the pioperty of setting 
when made into a pa&te with water \ hence care must 
be taken to regulate the temperature when converting 
it into Plaster of Paiis, 

Gypsum is also used as a manure. 

Pearl hardening or annaline is artificial calcium 
sulphate, and is prepared by adding dilute sulphuric 
acid to a solution of calcium chloride, when a white 
precipitate of calcium sulphate is formed. It is uibed 
in paper-making 

Calcium sulphate is slightly soluble in water (one 
part m 400), and this is one cause of the permanent 
hardness of water (see 114). 

384. Salt-cake, sodium sulphate, Na a R0 4 , is manu- 
factured in enormous quantities by lien ting common 
salt with sulphuric acid, and is an intermediate product 
in the conversion of common salt into sodium carbonate 
by the Leblanc process (see 370). On dissolving the 
anhydrous substance in water and crystallising out, a 
colourless salt is obtained which contains ten molecules 
of water of crystallisation. This is called Glauber's salt, 
and is used in medicine as an aperient. 

The properties of Glauber's salt should be investigated 
by performing the following experiment 

Exp. 221 Note tliat it is a crystalline solid, and that when fresh 
the crystals are transpaienfc and have a glassy lustre. When exposed 
to the air, they effloresce, i e. give up their watei of ciystalh&atiou, 
and become powdeiy on the smface. Heat some of the salt in a dry 
test-tube ; it fuses, then loses its water, which condenses on the sides 
of the tube, a white residue of anhydrous sulphate being left. Show 
that the Bunsen. flame is coloured yellow by this salt, as by other salts 
of sodium 

Salt-cake is used in large quantities in glass-making, 
in the production of ultramarine, and in dyeing, and 
colouring. 
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385. Sulphate of Ammonia, (NH 4 ) 2 S0 4 , is manufactured 
from ammoniacal gas-liquor by a method similar to that em- 
ployed in making sal-ammoniac, namely, by heating the 
gas-liquor with lime and passing the liberated ammonia^ 
into sulphuric acid. Ammonium sulphate is very exten- 
sively employed as an artificial manure, and it is also 
used in the manufacture of ammonium alum. 

386 Sulphate of Alumina, aluminium sulphate, 
A1 2 (SO ) 3 + 18H 2 0, is manufactured by the action of 
sulpliunc acid on china-clay, which consists of alu- 
minium silicate It is used as a mordant in dyeing and 
also for weighting paper. 

Alum, potash alum, K 2 S0 4 + A1 2 (SOJ 3 + 24H 2 0, is 
manufactured by treating bauxite \\hich is native 
aluminium oxide containing some ferric oxide with 
sulphuric acid , aluminium sulphate is produced, and 
on adding the requisite quantity of potassium sulphat^ 
evaporating and cooling, crystals of alum separate out. 

Investigate the properties of alum as follows : 

Exp. 222 Note the large octahedral crystals. Test the solubility 
of alum m hot and in cold water : its solution requnes 18 tunes its own 
weight of cold water, but le&s than its own weight of boiling watei. 
Heat some crystals in a test-tube, and show that water of crystallisation 
is given off. Show the presence of potassium by the flame test 

Alum is used as a mordant in dyeing and calico- 
printing, and for weighting paper it is also employed 
in medicine. 



SECTION IV. 
SOME OTHER COMMON SALTS. 

387. Saltpetre, or Mtre, potassium nitrate, KN0 3J is' 
found in the surface soils in India and Persia where a 
sufficiency of nitrogenous matter exists, and the climate 
is sufficiently dry to allow of its accumulation It is 
prepared on the large scale by boiling together con- 
centrated solutions of Chili saltpetre (TaN0 3 ) and 
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potassium chloride, when a double decomposition takes 
place and sodium chloride, which at the boiling tem- 
perature is the least soluble salt, separates out and is 
Amoved by canvas filters ; potassium nitrate is crystal- 
lised out from the mother liquor, It is also made 
.artificially on the Continent by a method resembling 
that by which it is formed in the soils of eastern 
countries. Heaps of ashes are drenched with urme and 
other nitrogenous refuse , after being exposed to the 
air for some time the nitrogenous substances become 
oxidised, and, on lixiviation, the liquor is found to 
contain large quantities of nitrates. Treatment with 
potassium carbonate gives rise to the formation of 
potassium nitrate, which can be extracted in a crude 
form by crystallisation. 

The conversion of the ammonia, produced by the 
decomposing organic matter, into nitric acid is largely 
brought about by the agency of bacteria The nitric 
acid is then converted into nitrate by the potash present 
m the ashes used. 

Saltpetre is a colourless crystalline compound pos- 
sessing strong oxidising properties, owing to the high 
percentage of oxygen it contains and the readiness with 
which it parts with a portion of it to oxidisable bodies. 
It is for this reason used in making gunpowder (see 
below); it is also used in medicine and in " salting" 
meat. 

Exp 223 Obtain a few grammes of saltpetre , note that it is 
composed of transparent crystals with, a glassy lustre. To about 
50 c c. of boiling water add nitre until no more will dissolve. Pour 
off the solution from any undissolved crystals, and allow the solution 
to cool slowly. The nitre will be deposited in beautiful crystals. 
Heat some of the nitre in a dry teat- tube the crystals first ciaekle, 
then fuse, and finally, on being strongly heated, give off bubbles of 
oxygen, a white residue remaining Observe that this salt gives a 
violet tinge to the Bunsen name. 

Gunpowder. A mixture of potassium nitrate, char- 
coal and sulphur finds application as gunpowder, the 
propelling power of which is due to the fact that the 
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nitrate supplies oxygen by which the combustion of the 
sulphur and carbon is effected in a closed space The 
volume of the gases generated, even when measuied 
at the standard temperature and pressure, amounts tcv 
about 380 times that of the space occupied by the gun- 
powder 3 as the temperature generated is over 2000 , 
it is evident that the volume is very much greater, and 
the pressure to which they give rise has been estimated 
at over GOOO atmospheres, or about 42 tons on the square 
inch. The composition of gunpowder varies according 
to the use to which it is to be applied , typically it has 
the proportions agreeing with the formula 2 KN0 3 + 30 
4- S, and tho percentage composition of some forms of it 
is given in the following table 





KN0 3 


C. 


S 


2 KN0 3 + 3 G< + S 
English military powder = 
,, sporting = 
Ordnance = 


748 
750 
797 
73-8 


134 
15-0 
125 
134 


11 8 
100 
7-8 
128 



388. Chili Saltpetre, sodium nitrate, NaN0 3 , is found 
in the almost rainless districts of Chili, Peru and Bolivia. 
It is very soluble in water, from which it crystallises as 
the anhydrous salt in obtuse rhombohedra almost like 
cubes (hence the name "cubic nitre"). It is largely used 
as a manure and also in the manufacture of sulphuric 
acid, nitric acid and potassium nitrate. It cannot be 
substituted for potassium nitrate in gunpowder owing to 
its hygroscopic nature. 

Exp* 234 Obtain some Chili saltpetre Note that it is very 
similar to potassium nitiato, but that it gives a yellow coloration 
to the Bunsen flame. Also show that it absorbs moisture by exposing 
the powdeied salt as m Exp. 215. 

389. Lime Saltpetre or Wall Saltpetre, calcium nitrate, 
Ca(N0 3 ) 2 , is a white porous substance otten found as 
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an eflloresdonco on the walls of stables and other places 
wheie liquid manure is abundant. The latter percolates 
through the walls, and its nitrogen becomes gradually 
^onveited into nitric acid by the oxygen of the air 
assisted by bactena. As nitric acid is formed it reacts 
with the lime in the mortar to form calcium nitrate. 
The solution of this salt finds its way to the outside 
of the wall where the water evaporates leaving an 
efflorescence of wall saltpetre. 

390. Silver Mtrate, AgNQ# is prepared by dissolving 
silver in nitnc acid and evaporating the solution when 
colourless tabular cry&tals separate out. By wetting 
these crystals and pouring the liquid into stick-moulds, 
lunar caustic is obtained. Silver nitrate readily attacks 
organic matter , thus it is employed for dyomg the hair 
black, the explanation of the process being that the 
silver nitrate is reduced to metallic silver, which is 
deposited as a fine black powder. Silver nitrate also 
forms the basis of most marking inks ; here again the 
organic matter of the material which is being marked, 
e.g. linen, reduces the silver nitrate and a black deposit 
of silver is formed. 

The properties of silver nitrate should be studied as 
in the following experiment 

Exp. 225 Note the colourless tables in which this salt crystallises. 
Dissolve some in water, and to one portion add a few drops of hydro- 
chloric acid solution a white curdy precipitate is formed. Add excess 
of ammonia solution: the piecipitate dissolves, but can again be 
obtained by adding hydrocbloiic acid until the solution is acid Pour 
the remaining portion of silver nitrate sol 1 tion on some papei, and 
expose to sunlight the paper is tuined black. Heat a few ciystals of 
silver nitrate in a dry test-tube, and note that the silver nitrate readily 
fuses. 

Silver nitrate is largely employed in medicine; in the 
form of lunar caustic it is applied externally as a 
cauterant, and although it is poisonous it is also taken 
internally in small doses. It is also of great importance 
in photography. 

M. CHEM. F F 
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391, Potassium Chlorate, KG10 3 , is manufactured by 
the double decomposition of solutions of calcium chlorate 
Ca(CJ10 3 ) 2 , (prepared by the action of chlorine on hot 
milk of lime), and potassium chloride } potassium chlorate) 
being the least soluble salt, separates out fiist in white 
crystals. It is a strong oxidising agont, and is used in 
making matches and fireworks 3 in the laboratory it is 
employed as a source of oxygen Potassium chloiate is 
also used to some extent in medicine. 

392. Bleaching Powder, or chloride of lime, 2 OaOCl a 
+ Ca(OH) 2 , is a yellowish-white powder, obtained by 
allowing chlorine gas to remain in contact with dry and 
carefully slaked lime for some time. It is manufactured 
in enormous quantities and used for bleaching, and as a 
disinfectant. 

Exp 226 Obtain some bleaching powder ; notice that it smells 
iilher stiongly of chlorine. Put some in a glass jar and add dilute 
*-ulplmiic acid, and coyer the mouth of the jar with a glass plate. 
Note that the jai is now full of the green chloime gas Test the gas 
\\ith a moistened litmus paper; the paper will be at once bleached. 

Exp 227, Mix some bleaching powder well with water Dip into 
this some coloured fabnc, now place the piece of cloth in dilute 
sulphunc acid. Obseive that it is soon bleached The acid liberates 
chlounc fiom the powder on the cloth, and this de&tioys the colour 

Both its bleaching action and its power as a disin- 
fectant are due indirectly to the liberation of chlorine 
Even the carbonic acid in the air is sufficient to bring 
about its decomposition ; hence bleaching powder, after 
exposure to air, always smells of chlorine. To preserve 
it, therefore, we must exclude the air, that is, keep it in 
well-stoppered vessels. Wherever chloride of lime is 
left exposed to the air, all articles of iron or steel whose 
surfaces are unprotected will be found covered in a short 
time with "rust." This is due indirectly to the presence 
of traces of chlorine in the air. This is then an additional 
reason for keeping bleaching powder in well-stoppered 
vessels. By mixing chloride of lime with a solution of 
washing soda, stirring, and then allowing the insoluble 



SOME OTHER COMMON SALTS. 435 

matter to settle, we obtain a clear liquid which serves as 
a convenient " bleach liquor," and may be Ubed for 
washing purposes. 

393, Bone Phosphate, normal calcium 01 thophosphate, 
Ca 3 (P0 4 ) 2 , is the chief constituent of bone ash, 

Exp. 228 Place some bones on a clear fire. Leave them until they 
are completely calcined. The oigamc matter will then have been com- 
pletely burnt away, and the white residual mass lepresents the nuaeial 
mattei of the bones This is termed bone ash Crush a small quantity 
to powder and add dilute HC1 , waim gently; note that the powder 
almost completely dissolves, You would probably notice also a slight 
effervescence on adding the acid, since there is always a ceitain amount 
of caibonate present in the ash 

About 80 per cent of bone ash is calcium orthophos- 
phate, but it also contains magnesium phosphate, calcium 
carbonate and calcium fluoride. Bone ash is used 
chiefly for the production of artificial manuics (see 
below) \ it is also employed in certain metallurgical 
operations, e g in the cupellation of silver 

Apatite is a naturally-occurring compound of calcium 
phosphate and calcium fluoride or chloride. Its formula 
is given as 3 Ca 3 (P0 4 ) 2 , CaF 2 It is found in large 
masses m some paits of the world, as m Spain, and is 
always present as small crystals in all granitic rocks 
The phosphorus of all phosphorus compounds, whether 
aitificial or natural, has been in the first instance 
derived from the apatite of the igneous rocks. 

Superphosphate of Lime This is a mixture of calcium 
hydrogen phosphate, CaH 4 (P0 4 ) 2 , and calcium sulphate, 
CaS0 4 , obtained by adding moderately strong sulphuric 
acid to bone ash, or to any of the natural forms of 
phosphate of lime. It is soluble in water, and for this 
reason constitutes a valuable manure. Bone ash itself 
cannot be used for this purpose as it does not dissolve 
in water, and hence cannot be taken up by the plant. 

394. Hyposulphate of Soda, or "hypo," sodium thio- 
sulphate, Na 2 S 2 3 + 5H 2 O, is a colourless crystalline 
substance obtained on the large scale by decomposing 
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calcium thiosulphate with sodium sulphate. Calcium 
sulphate is precipitated and is allowed to settle , the 
supernatant liquid is poured off, evaporated, and allowed 
to crystallise It is largely used in photography, on, 
account of the property it possesses of dissolving the 
haloid salts of silver ; also as a mordant in calico-print- 
ing, and as an "antichlor" in paper-making. Sodium 
thiosulpliate is also employed to some extent in medicine, 
and in the laboratory in certain volumetiic estimations 
which depend upon the power of the salt to decolourise 
iodine, conveiting it into sodium iodide according to the 
equation 

2 Na 2 S 2 3 + I 2 = Na 2 S 4 6 + 2 Nal. 

Sodium tetrathionate. 

Exp 239 Take some ciystals of sodium thiosulphate Add them 
in small portions at a time to a little cold water in a test-tube ; 
obseive that they dissolve veiy readily. Set aside a portion of the 
solution, and examine it fiom time to time. Yon \\ill see that it 
giadually becomes milky in appearance This is owing to the fact 
that it is decomposing The solid foimmg m the solution is sulphur 
Solutions of "hypo " should therefore be made only when requued for 
immediate use The crystals themselves aie permanent in air and may 
be kept for aii indefinite pciiocl. 

To a poition of the solution add a little dilute sulphunc acid 
Observe that the milkincss appears immediately and is quite pio- 
nounced Add a poition of the solution to a piecipitate of silver 
chloride which has been exposed to light for some time till it is quite 
daik colouied. Notice what change takes place, if any, and try and 
find out the reason for it. 

395. Borax, sodium pyroborate, Na 2 B 4 O r + 10 H 2 0, 
occurs in an impure form as tincal on the site of dried- 
up lakes in India, Thibet and California. The crude 
native product is purified by recrystalhsation from water. 
Borax is also prepared from boric acid (H 3 B0 3 ) by 
treatment with soda ash (Na 2 C0 3 ), 

Borax forms large colourless crystals which are very 
much more soluble in hot water than in cold. The 
crystals swell up on heating with loss of water of crystal- 
lisation and leave a soft spongy mass of anhydrous 
borax or burnt borax. 

Borax is used in glazing linen and earthenware, to 
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clean the surfaces of metals preparatory to soldering, and 
as a flux in the operation of " brazing." It is also 
employed in the preservation of food, since it possesses 
antiseptic properties. 

396. Potassium Permanganate, KMn0 4 , is a purple 
crystalline salt which dissolves in water to produce a 
dark purple solution, which if very strong may appear 
almost black. Potassium permanganate readily gives 
up part of its oxygen to organic matter, and so may 
be used as a disinfectant. It has recently been found 
to act as a cure for snake-bite, and great results are 
anticipated from this discovery. 

Condy's Fluid is a solution of sodium permanganate, 
NaMn0 4 , and sodium manganate (Na 2 Mn0 4 ). It acts 
like a solution of KMn0 4 , but is much cheaper, and is 
largely used as a disinfectant. 

397. Bichromate of Potash, potassium bichromate, 
K 2 Cr 2 7 , is manufactured by heating chrome ironstone 
with potassium carbonate and lime in the presence of 
air, extracting the resulting normal potassium chromate, 
K 2 Cr0 4 , with water, and treating the solution with 
sulphuric acid when the following change takes place 

2 K 2 OrO 4 + H 2 S0 4 = K 2 Cr 2 7 + K 2 S0 4 + H 2 O. 

The potassium bichromate separates out in large deep 
orange crystals which have a bitter taste, and are only 
moderately soluble in water. 

Potassium bichromate is a strong oxidising agent, and 
it is on this account used in the laboratory in the volu- 
metric estimation of iron, and on the large scale in the 
manufacture of colours from coal-tar, notably alizarin. 
It is also employed in photography, in dyeing, and calico- 
printing, in the manufacture of pigments containing 
chromium, and in the " bichromate " electric cell. 

398. Sugar of Lead, lead acetate, Pb(C 2 H 3 2 ) 2 + 3 H 2 0, 
is a white crystalline solid with a sweetish taste, and is 
produced by dissolving litharge in acetic acid. It is very 
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poisonous. Lead vinegar is a solution of basic lead 
acetate obtained by dissolving litharge in sugar of lead. 
It is used as a lotion for bruises and sores. 

399, Water Glass, sodium silicate, soluble soda glass" 
is obtained by fusing sodium carbonate and white sand 
together. It forms a transparent glassy mass, and 
dissolves readily in water, It has lately come into use 
for preserving eggs Eggs placed in a solution of 
this substance gradually get the surface layer of calcium 
carbonate of their shells converted into calcium silicate. 
They are thus rendered quite air tight, and their contents 
are preseived for some considerable time, 

Silicate of soda is also used as a cement in making 
artificial stone, and for repairing broken porcelain, in 
soap-makmg and fresco-painting, and for rendering cloth 
non-inflammable. 

400. Blende, or Black-jack, is native zinc sulphide, ZnS. 
It is found associated with galena, quartz and other 
minerals in the form of crystals, which are sometimes 
colourless but usually black, owing to the presence of 
iron. In England the chief localities where blende occurs 
are Cumberland, Derbyshire and Cornwall. Blende is 
one of the principal ores of zinc, and is used as a source 
of the metal and its compounds. 

Galena, native lead sulphide, PbS, is a heavy grey 
crystalline substance possessing a metallic lustre. It is 
the most important ore of lead, and frequently occurs in 
veins in limestone, e. y in Cumberland and Derbysh re. 

Iron Pyrites, FeS 2 , is a very widely disseminated 
mineral occurring in the form of yellow cubic crystals 
which have a metallic lustre It is used as a source 
of sulphur in the manufacture of sulphuric acid. (See 
232.) 
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QUESTIONS. CHAPTER XXX. 
SECTION I. 

1. Give an account of one method of preparing washing 
soda. 

2 What is halting soda ? For what purposes is it used, 

and how is it affected by heat 1 

3 By what simple test could you distinguish baking- 

soda from washing-soda? What is the chemical 
nature of potashes ? How did this name originate 1 

4. How would you show that chalk is changed in 

propei ties on teing heated in the air 1 ? 

5. Compare the properties of chalk and quicklime. 

How would you demonstrate the nature of the 
change which takes place when chalk is ignited ? 
6 "What is the chemical naturo of (1) dolomite ; (2) 
mjgnesiaalbalevis ; (3) sal- volatile 1 

SECTION II. 

1. For what purposes are common salt, potassium 

chloride and potassium iodide respectively em- 
ployed? 

2. What experiments would you perform in order to 

investigate the properties of common salt? 

3. Give an account of the preparation, properties and 

uses of sal-ammoniac. What happens when it is 
heated ? 

4. Write down the chemical names and formulae of 

calomel and corrosive sublimate. How would you 
distinguish between these two substances 1 

SECTION III. 

1. Give the common names for the sulphates of the 
metals magnesium, zinc, iron and copper. For 
what purposes are these salts employed 1 
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2. Describe the experiments you would perform in 

order to investigate the piopeities of blue, green 
and white vitriols. 

3. In what natural forms does calcium sulphate occur? 

How is Plaster of Pans made, and on what special 
property does its value depend ? 

4. What is Glauler*s salt, and how is it manufactuied 1 

What happens when it is exposed to the air ? 

5. What is the chemical composition of common alum, 

and what are its chief uses ? 



SECTION IV, 

1. How is saltpetre manufactured? Write down its 

chemical name and formula. 
What are the constituents of gunpowder i 

2. Give an account of the preparation, properties and 

uses of lunar caustic. 

3. Write down the chemical names and formulae of 

black-jack, gaUna> iron pyntes and lone phosphate 

4. How is bleaching-powder made? Why is it neces- 

sary to keep it in well-corked vessels ? How would 
you show its bleaching power ? 

5. What is bone ash? How could you prepare a 

sample ? What are its principal ingredients ? 
How is it converted into " superphosphate " ! 

6. For what purposes are the following substances 

employed (1) hyposulphite of soda; (2) potassium 
chlorate ; (3) borax ? 

7. Give the chemical names and formulae for (1) 

" hypo" ; (2) borax; (3) sugar of lead. 

8. How is bichromate of potash manufactured, and 

what are its chief properties and uses } 



CHAPTER XXXI. 

SECTION I. 

ROCKS AND SOILS. COMPOSITION OF THE EARTH'S 
CRUST. 

401. Meaning of the term Crust of the Earth, By 

the term " Crust of the Earth " we understand that 
portion of the earth's exterior which is accessible to 
observation, Its thickness is probably not more than 
about ten or fifteen miles, so that it iepresents in reality 
only a relatively thin layer. 

Since the average density of the crust, namely 2 8, is 
just about half that of the globe as a whole, it is clear 
that the interior must have a very high density and 
cannot possibly have either the same chemical composition 
or physical characters as the outer thinner layer. 

402. Rocks, Even a cursory examination of any 
portion of the earth's crust reveals to us that it is com- 
posed of masses of material differing in texture and 
composition. These accumulations we call rocks. A 
rock may be defined as (my mass of naturally occurring 
(solid) substcmce forming part of the ea/rttts crust. This 
would necessarily include the loose incoherent sand of 
the sand-dune as well as the most compact granite. 

All the rock masses which go to make up the crust 
of the eaith fall into one or other of two great groups, 
namely, (a) those which have been formed by the cooling, 
at the earth's surface or at some depth below it. 
441 
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of masses of molten material, and termed igneous rocks ; 
and (5) those which have been formed "by accumulation 
of material, derived from pre-existing rocks in a manner 
to be referred to hereafter ; these are termed stratified, 
aqueous or sedimentary ', and they have been mostly 
deposited under water To the former class belong 
granites and basalts, and the majority of this group are* 
crystalline rocks. To the second belong sandstones, 
clays, shales and limestones. These are usually of 
looser texture than the igneous rocks and not, as a rule, 
crystalline. 

403 Minerals. Any given rock on examination usually 
proves to consist of more than one component, and these 
can generally be separated, though not always easily, 
by mechanical means. Such rock components are termed 
minerals, and, whilst a rock may be, and usually is, a 
substance of not very definite composition, a mineral has 
a definite chemical composition as well as constant phy- 
sical characters. We may, in. fact, define a mineral as a 
naturally occwring substance of definite chemical com- 
position and possessing constant physical properties. Most 
minerals, though not all, are crystalline. Those which 
possess no definite crystalline form are tremed amor- 
phous. Some are composed of single chemical ele- 
ments, but the bulk of them are chemical compounds. 
A list is here given of some of the commoner minerals 
with their chemical composition, common names and 
chemical formulae. It will be seen that many, even the 
commonest, are bodies of somewhat complex constitu- 
tion They are arranged in order of importance as rock 
constituents. 

MINERAL. CHEMICAL NAME. 

Quartz (Rock Crystal). Silica (SiO 2 ). 

Orthoclase Folspar (Potash Potassium Aluminium Sih- 

Felspar) cate (K 2 0, A1 2 3 , 6 Si0 2 ). 

White Mica (Muscovite). Potassium Aluminium 

Silicate. 
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MINERAL. CHEMICAL NAME. 

Dark Mica (Biotite). Potassium Iron Magnesium 

Silicate. 

Hornblende, Calcium Magnesium Sili- 

cate, with (usually) Iron 
Silicate. 

Augite " Ditto. 

Oil vine. Magnesium Silicate (Mg 2 

SiO<) 

Calcito. Calcium Carbonate (CaCO 3 ). 

Gypsum. Hydrated Calcium Sulphate 

(CaS0 4 ,2H 2 0) 

Kaolin. Hydiated Aluminium Silicate 

(A1 2 ? , 2 Si0 2 , H 2 0) 

Magnetite. Magnetic Iron Oxide (Fe 3 4 ) 

Iron Pyrites. Iron Sulphide (FeS 2 ) 

Haematite. Hydrated Iron Oxide (Fe 2 3 , 

ccH 2 0), 

Diamond. Crystallibed Carbon. 

Graphite. 

Sulphur (native) 

All the above are crystalline minerals. 

404. Elements of the Earth's Crust It will be seen that 
comparatively few elements enter into the composition 
of the common rock-forming minerals, and, in fact, of the 
70 or 80 elements now known to the chemist, about 9 
of them constitute 98 per cent, of the earth's crust. 
These with the approximate pioportions of each are 
given below 

Oxygen . 50 per cent. Magnesium . 2*5 per 
Silicon . 25 Sodium . 2 

Aluminium . 75,, Potassium . 2 

Iron . 5 Hydrogen . 0-5 

Calcium . 35,, 

98-0 



There are other elements which, though present in rela- 
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tively small quantity, are widely diffused and of consider- 
able importance, especially in their relation to life on the 
earth. These are carbon, nitrogen, phosphorus, sulphur 
and chlorine Only six of the above-mentioned elements 
occur m the free state, viz. carbon, oxygen, nitrogen,* 
sulphur, hydrogen and iron, the last two only in very 
small quantity. 

405. Weathering of Rocks and Formation of Soils. 

Even the most compact rock on long exposure to the air 
undergoes a process of disintegration, or "weathering," as 
it is termed. This is brought about by such agencies as 
rain, host, carbonic acid, and frequent changes of tem- 
perature during comparatively short intervals. The 
effect produced by each agent of weathering will naturally 
depend on the nature and composition of the rock affected 
as well as on the climate of the place where the rock is 
situated. In dry tropical countries temperature changes 
produce greater effect than they do in this country, where 
the most important weathering agents are frost, rain 
and carbonic acid. It will be instructive to examine in 
some detail the process by which a mass of granite and 
one of sandstone are respectively disintegrated by this 
process of weathering. 

406. Weathering- of Granite, and formation of Clays, 
Shales and Sandstone. Ordinary granite is composed 
mainly of the three minerals, quartz, felspar and mica. 
The felspar alone of these is easily attacked by the car- 
bonic acid of the atmosphere, which is carried to it 
through the medium of rain water, and, it may be, of 
dew also. The potash is thus removed as carbonate, 
being carried away in solution ; whilst the silicate of 
alumina remains as an insoluble powder. Grains of 
felspar thus become dislocated, with the final result that 
the whole surface layer of the granite is disintegrated 
and removed by rain. A fresh surface is then attacked, 
and so the process goes on, till often a very considerable 
a-mount of the once compact granite rock is denuded 
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away. The materials finally find their way into some 
river and are carried away and deposited on the sea-floor. 
The coarser quartz grams with usually a little mica settle 
jlown first and give rise to sandstone, further out we have 
smaller grains with some felspar and mica pioducing 
shales, and, further out again, clays, varying in texture 
and composition, and consisting of the very finest of the 
disintegrated rock material. 



407. Formation of Clay, In clays formed in this way 
from normally weathered granite there is probably very 
little kaolin ; kaolin, of which china-clay is a more or 
less pure foim, is supposed to have been formed in 
quite a different way. The process has been termed 
" kaolmisation," and the action has apparently proceeded 
from below upwards and not from above downwards. 
By this process considerable masses of giamte come to 
have their folspar greatly altered, so that the rock mass 
on exposure afterwards to the weather is soon disinte- 
grated, and the finer kaolin carried away and deposited 
in lakes, or it may be in the sea. The further from the 
original granite it is carried the more impure is it likely 
to become A great deal, however, of the china-clay 
employed in the making of pottery is obtained directly 
from these half-decomposed granite masses, and this is, 
of course, the purest material 

Other clays again, such as the boulder clays of the 
northern and eastern counties, have quite a different 
origin, and may not at all closely resemble in composition 
either of the two kinds just described, though all are alike 
in being plastic when mixed with water. This property 
appears to depend chiefly on the degree of fineness of the 
particles composing the clay, and not altogether on the 
particular minerals present. It is important to remember, 
then, that clay is not by any means a definite substance, 
but that the term includes a number of materials of 
varying composition as well as of different origin and 
different modes of formation. 
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408. Weather-lag of Sandstone. An ordinary sandstone 
consists almost entirely of quartz grains cemented to- 
gether by means of either ferric oxide, carbonate of lime 
or silica. Should this cementing material be dissolved, 
away by any means, the grains fall asunder and are 
washed away by the rain. Now this solution is easily 
brought about again by the carbonic acid of the air. 
ThehO quaitz giains are carried away by rivers just as 
thofeo of the granite were, and go to build up the 
sandstones of a future geological age. 

409 Formation of Soils. Soils formed in situ. If the 
products of weathering remain where they are formed, 
wo have an accumulation of loose material which we 
call a soil. Such a soil would be formed in situ It is 
clear that this requires special conditions. These are a 
fairly horizontal surface of the ground and the growth 
of vegetation The latter not only prevents the dis- 
integrated material from being as completely removed 
by ram as it would otherwise be, but it assists materially 
by its growth the further breaking up of the rock. Plants 
also increase the normal supply of carbonic acid, since 
they exhale CO 2 , and in addition their roots excrete an 
acid liquid which is quite as effective in the disintegration 
of the rock as carbonic acid itself It is easy to see that 
once a soil has commenced to grow it may continue to 
inciease in thickness, and may reach to quite a consider- 
able depth. Even a compact rock like a granite or basalt 
may give rise in the same way to soils formed in situ, 
but, as a rule, they will not in such cases attain to any 
considerable thickness. It is clear that the composition 
of a soil formed ^n situ, as well as its depth and texture, 
will vary according to the nature of the underlying rock. 
These are all factors of importance from the agricul- 
turalist's point of view, 

410. Transported Soils. Many soils are practically 
ready formed as soon as they begin to form part of the 
dry land. Such are the alluvial deposits laid down in 
the flatter parts of a river's course, and those that 
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fill up lake basins These are termed transported soils, 
and are often of complex nature. To this class belong 
loams and marls, and in some cases peat. 

Soils formed in situ are either chalky, sandy or clayey, 
according as the undei lying rock was limestone, sand- 
stone, or clay These constitute the throe chief types of 
soils, but there are, of course, gradations from the one 
to the other, especially in the case of transported soils. 
Marl is a calcareous-clayey soil, and loam is a sand-clay 
mixture. Sandy soils are "light" to work, that is, are 
ploughed easily. Clays are heavy, whilst chalky soils 
are intermediate in character between the two. 

All soils contain a certain proportion of organic matter, 
the product of decayed vegetation This plays an im- 
portant part, in the composition of soils from the point 
of view of the agriculturalist. It is known as humus. 

SECTION II. 
GLASS-EARTHENWARE-PORCELAIN. 

411 Though the number of transparent minerals is 
large, very few of them occur in crystals or blocks large 
enough to be used for windows. In fact, if we except 
quartz, which is hard to work, only mica is left. 

The desirability, too, of having vessels which are not 
porous for the transport and preservation of liquids was 
soon felt, and among the earliest manufactures we find 
three, viz. earthenware, porcelain and glass, which were 
designed to supply these wants. 

The common basis of all these is silica, Si0 2 , which 
can itself, when pure, as in quartz, be melted in the 
oxy hydrogen flame, and moulded into any shape when 
hot Quartz is transparent, and can be heated or cooled 
suddenly without cracking. 

412. Glass. When silica is heated strongly, with enough 
soda or potash to make silicates, the mixture melts and 
becomes homogeneous and transparent. Similarly, with 
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lime or lead oxide a transparent liquid is produced. 
When, however, these silicates are allowed to cool, they 
lose most of their transparency and become crystalline 
and brittle. They are also readily acted on by water 

If, now, the silicate of soda or potash is mixed with 
that of lime or lead oxide, and the mixture is melted, the 
mass cools to a hard, transparent glass, which is no 
longer crystalline, is not readily acted on by water, and 
can be shaped at a red heat. Glass may be defined, then, 
as a transparent, non-crystalline solid consisting essen- 
tially of a silicate of an alkali metal combined with either 
calcium or lead silicate. 

The properties of glass vary to a large extent with the 
bases of the silicates of which it is composed : thus, 
excess of soda gives a glass which is easily melted and 
easily worked, e, g crown glass, used for windows, chemical 
apparatus, etc. ; excess of lime gives a tough glass, used 
for bottle making , excess of potash gives a very infusible 
glass, used for combustion tubing it is, however, hard 
to work, excess of lead oxide and potash gives a heavy 
flint glasS) used m the making of lenses for telescopes, 
etc it is also very bright and sparkling, and is used in 
making the best table glass and artificial gems, but it 
does not resist acids and alkalies, and is not used for 
chemical apparatus. 

The materials used to supply silica in glass making 
are chiefly quartz, flint and white sand, the lime is 
supplied by calc spar, marble, chalk or limestone ; the 
soda by soda ash or sodium sulphate and charcoal ; the 
potash by potashes ; the lead oxide by red lead or litharge 
(in each case these substances are in order of desirability). 
The required quantities, mixed with broken glass to help 
the fusion, are charged into fire-clay pots heated in a 
furnace to bright redness The silicates gradually form 
and are kept melted until all bubbles of air or carbon 
dioxide have risen and impurities have settled down. 
The molten glass is then allowed to cool till viscous, 
and is blown or rolled into sheets. 

Since it is not possible to remove impurities which 
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have once been placed in the pots, the glass generally 
contains oxide of iron, which colours it green, and 
alumina. 

The composition of a number of different forms of 
glass as given in the following table will illustrate this . 

Silica Potash Soda Lime Lead Alumina 

and Oxide and Oviaa 

Magnesia ofliou, 

Bottle glass 656 27 4'9 20'4 61 

(ordinary) 

Window glass 707 13'3 13'4 19 

Mint glass 50 2 11 2 - 381 05 

Fusible glass 705 21 17 '2 87 10 

(for chemical apparatus) 

Infusible glass . .. 731 11-5 31 107 0'9 

(for combustion tubes) 

If the molten glass is allowed to cool quickly, it is 
hard and brittle ; but if cooled slowly, i e. annealed, it 
retains its toughness. 

The colours of glass are due to the presence of certain 
metallic oxides. Oxide of iron gives it a green colour, 
as in bottle glass , oxide of manganese gives it a pink or 
black colour, and is sometimes added to correct the 
green tint given by oxide of iron ; oxide of cobalt gives a 
blue colour ; oxide of chromium, or cupric oxide, green , 
cuprous oxide, or gold, ruby red. The addition of oxides 
of tin or antimony as well as bone ash gives rise to the 
opaque enamel appearance in glass. 

413. Earthenware and Porcelain. We have seen in a 
foregoing section that clay, which forms the basis of all 
earthenware and porcelain, is derived from a variety of 
rocks and may vary considerably in composition. 

The purest clay, formed from felspars by the washing 
away of their alkalies, soda and potash, is white and is 
known as kaolin or china-clay; it is represented by the 
formula H 2 0,Al 2 3 ,2Si0 2 . If it is derived from rocks 
containing iron, it is coloured yellow or red; or, if the 
iron has been reduced by organic matter, it is coloured 
green or blue. 

M CIIJBM. G G 
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When worked with, water the particles of clay stick 
together and form a tough plastic mass which may 
readily be moulded into any required shape or turned on 
a lathe or potter's wheel. When the clay is dried it 
hardens and the hardness is increased by baking; the*- 
resulting product is porous and is known as liscmt. To 
make it impervious and so convert it into earthenware it 
is glazed either (1) by the action of common salt which 
at the temperature of the kiln is converted into vapour 
and reacts with the surface layer of the biscuit, forming a 
thin layer of fusible silicate (sodium aluminium silicate) 
on the surface of the ware, salt glaze ; or (2) by coating 
the ware with a thin ]ayer of a substance which resembles 
the biscuit in composition, except that lead oxide or some 
other material has been added to it which renders it 
more fusible and also transparent. The glaze is ground 
to a fine powder and suspended in water , the article to 
be glazed is dipped into the liquid and is then dried and 
heated strongly, when the glaze melts and forms an 
even layer over the surface. The product constitutes 
ordinary table ware. 

Porcelain is made by incorporating felspar with china- 
clay and heating the mixture in a furnace to a high 
temperature, when the felspar melts and fills up the 
pores of the clay; a certain amount of chemical action 
takes ]ilace and a homogeneous translucent mass results 
Owing to the partial fusion which the mixture undergoes, 
the product must be annealed by slow cooling. It is 
now glazed by dipping into water containing powdered 
felspar and fiint, and re-heating. Porcelain differs from 
earthenware in that no part of it is porous, whereas 
earthenware is porous right through with the exception 
of the glaze. 

414. Bricks may be divided into two classes: (1) those 
used for building purposes, and (2) those used for 
furnace linings and called fire-bricks. The bricks used 
for the former purpose are made from common red, brown 
or blue clays which, as we have seen, may differ much in 
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composition; but fire-bricks, which have to withstand a 
high temperature, must be made from infusible material. 
Now it is found that clay is in general the more infusible 
the larger the ratio of alumina and silica to alkalies and 
other basic substances; consequently fire-bricks are 
made from clay which is composed almost entirely of 
alumina and silica. Such a clay, which is termed " fire- 
clay," is found underlying beds of coal m coal-mines, It 
no doubt represents an ancient soil, and has lost its 
alkalies to the vegetation which grew upon it in that 
remote period. 

The following table gives the composition of four 
typical clays : 

Alumina Silica. Feme Lime Alkalies Water 
Oxide and 

Magnesia 

Kaolin (Cornwall) 38 6 46'4 3 5 1 8 91 

Stourbndge fire-clay 23-3 633 18 07 103 

Common clay, usedj 43 ^ 7.7 3 4 - 51 

for brick making) 

Clay for porcelain 368 46-8 1-0 26 03 12-4 

The temperature employed in the firing of bricks of 
pottery varies from a bright red heat in the case of 
bricks and tiles to a bluish-white heat, somewhat above 
the melting-point of grey cast-iron, for porcelain. 



SECTION III: 
PIGMENTS. 

415. Nature of Paint. A substance which is used as 
a paint consists essentially of an insoluble coloured 
powder or pigment) mixed with a liquid or "medium," 
which dries up when spread out in a thin layer and 
exposed to the air. The pigment gives the paint its 
colour and also its covering power^ i. e. the power it 
possesses of concealing a surface on which it is spread. 
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The medium enables the pigment to be conveniently 
applied to a surface, and on drying binds it firmly to the 
surface , also in some cases it increases the covering 
power of the pigment by chemically combining with it. 

416. Characteristics of a good Pigment There are 
three properties which should be possessed to a high 
degree by a perfect pigment. They are: (1) Covering 
power or "body" This depends upon the opacity of the 
pigment; the more opaque a pigment is, the thinner the 
coat of paint required to conceal the surface to which it 
is applied. As already mentioned, the covering power 
of certain pigments is increased by their undergoing 
chemical combination with the medium with which they 
are mixed. This is the case with white lead, for example 
(see 442). (2) Permanence. Pigments differ greatly as 
regards their power of resisting the various natural 
agencies to which they may be exposed, such as light, 
moisture and the gases of the atmosphere. Though in 
most cases the change which the pigment undergoes 5 is 
injurious, this is not necessarily so; for instance, air 
often contains a small quantity of sulphuretted hydrogen, 
which attacks both white lead and zinc white; in the 
former case the colour is destroyed because the lead 
sulphide which is formed is black; in the latter case 
white zinc sulphide results^ so the colour does not change 
(3) Drying action. Some pigments assist the drying of 
the medium with which they are mixed by inducing 
it to absorb oxygen from the air more readily and so 
become resinified sooner; their action is of a catalytic 
nature (see 74). Examples of good drying agents, or 
" driers, " are white lead and red lead. 

417 Media. In water-colours the medium is of 
course water ; it dries by evaporation. For oil paints a 
drying oil (see 434), usually boiled linseed oil, is 
employed ; this absorbs oxygen from the air and is 
converted into a resinous substance. Generally some 
turpentine is added to thin the mixture down to the 
required consistency ; the greater part of this evaporates 
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on exposure to the air, but somo absorbs oxygen and is 
resinified (turpentine being also a drying oil). 

418. Oil Paints. Owing to the great covering power 
it possesses, white lead forms the basis of all oil paints 
except those used by artists, small quantities of other 
pigments, technically called " stainers," being added to 
give the necessary colour. The pigments, after being 
ground to a very fine powder, are mixed with boiled 
linseed oil, and the requisite quantity of turpentine is 
then added. 

Brief accounts of a few of the chief pigments will 
now be given : 

419. White Pigments. White lead, basic lead carbon- 
ate, 2PbC0 3 + Pb(OH) 2 , is the most important white 
pigment owing to its great covering power, to which 
reference has already been made. Several processes are 
u&ed in its manufacture, but the one which gives the 
most valuable product is the Dutch process. In this, lead 
is converted into basic lead acetate by the combined 
action of vinegar and air. The basic acetate is then 
converted into white lead by the action of carbon dioxide. 

The disadvantages of white lead as a pigment are that 
it is not permanent, being blackened by sulphuretted 
hydrogen, and that it is very poisonous. White lead is 
veiy frequently adulterated with barium sulphate or 
chalk. 

Zinc White, zinc oxide, ZnO, though very inferior 
to white lead in covering power, has the advantages of 
being permanent and non-poisonous, and it is largely 
used as a substitute for white lead, especially in France. 
It is manufactured by burning zinc vapour in air in 
large chambers. 

Chinese White is made from zinc oxide and is much 
used in water- colouring. 

Permanent White, barium sulphate, BaS0 4 , is used to 
some extent as a substitute for white lead, and, as 
already mentioned, is often present in white lead as an 
adulteration. It is permanent and non-poisonous, but 
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has much less covering power than white load. Barium 
sulphate is used for weighting paper. 

420. Yellow Pigments, Cadmium Yellow, cadmium 
sulphide, CdS, is prepared by precipitating a cadmium 
salt with sulphuretted hydrogen, and is a permanent 
pigment. 

Lemon Yellow, or Yellow Ultramarine, barium chrorn- 
ate, BaOr0 4 , is obtained as an insoluble precipitate by 
adding potassium chromate to a solution of a barium 
salt. It is quite permanent. 

Chrome Yellow, lead chromate, PbCr0 4 , is made by 
precipitating a solution of lead acetate with potassium 
bichromate It has the disadvantage of all lead pigments, 
i. e it is blackened by sulphuretted hydrogen. 

Yellow Ochre is an impure native form of ferric oxide, 
Fe 2 3 . It is a permanent pigment. 

421. Red Pigments. Vermilion, mercuric sulphide, 
HgS, is manufactured by heating mercury and sulphur 
together and subliming the product. The best qualities 
are, however, made by a wet process. Vermilion is a 
bright scarlet pigment possessing great covering power , 
it is quite permanent. It is al&o used in making red 
printer's ink 

Chrome Red, basic lead chromate, PbCr0 4 + PbO, is 
obtained by digesting chrome yellow with caustic soda. 
It is not permanent, being attacked by sulphuretted 
hydrogen, but it is a good drying agent. 

Colcothar is the residue which remains on strongly 
heating green vitriol (ferrous sulphate), and consists of 
ferric oxide, I?e 2 0g. In addition to its use as a red 
pigment it is employed as a polishing powder for steel 
and brass. 

Red Ochre is an impure native form of ferric oxide. 

Red Lead, or Minium, Pb 8 4 , is prepared by heating 
massicot (PbO) to dull redness for about twenty-four 
hours. It is a crystalline powder which, besides being 
employed as a pigment, is largely used in making flint glass. 
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422. Green, Blue and Black Pigments Oxide of Chro- 
mium, chromic oxide, Cr 2 3 , is obtained as a dull green 
powder by igniting either chioimuni hydroxide or a 
mixture of potassium dichromate and sal-ammoniac, 
and as a bright green powder by igniting mercurous 
chromate (Hg 2 Cr0 4 ). It is a permanent pigment, and is 
also used for colouring glass and porcelain, 

Verdigris, basic copper acetate, Cu(C 2 H 3 2 ) 2 -h Cu(OK) 2 , 
is a blue salt obtained by the action of vinegar (i, e. 
weak acetic acid) on copper m the presence of air On 
treating with water it is converted into green verdigus, 
another basic acetate. Both these compounds are used 
as pigments. 

TJltramanne is a blue pigment prepared by powdering 
la/pis lazuli, a blue mineral consisting of a double silicate 
of sodium and aluminium, together with a compound 
of sulphur, the exact nature of which is unknown, 
Ultramarine is also made artificially by heating clay, 
sand, sulphur and charcoal together, and grinding up the 
product when cold. It is a very permanent pigment and 
a good drier 

Prussian Blue is made by adding a ferrous salt to 
potassium ferrocyanide when ferrous potassium ferro- 
cyanide, Fe"K 2 [Fe"(C!N) 6 ], is precipitated. This is then 
exposed to the action of the air or other oxidising agents 
such as chlorine water, when Prussian blue, which con- 
sists chiefly of ferric ferrocyanide, Fe'" 4 [Fe''(CN) b ] 3 , is 
formed. Prussian blue is not quite permanent; it is 
however a good drier 

Ivory Black is made by heating ivory in retorts out of 
contact with air, It is a permanent pigment. 

Lampblack (see 271) is also used as a black pigment. 
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QUESTIONS. CHAPTER XXXI. 
SECTION I. 

1. Define the terms mineral and rock, and give two 

examples of each. 

2. Give a list of the nine elements of which the earth's 

crust is mainly composed. Also mention five other 
elements which are present in smaller quantity but 
are of great importance. 

3. What are the chief agents which bring about the 

weathering of rocks, and how do they act 1 Describe 
in some detail the weathering of granite. 

4. What is soil? Compare the properties of the three 

chief types of soils. What is humus ? 

SECTION II. 

1. What is glass, and how is it manufactured ? How 

are its properties affected by (1) rapid cooling, 
(2) annealing, (3) presence of tin oxide ? 

2. Describe the process by which earthenware is made 

from clay. 

3. Compare the properties of earthenware and porcelain. 

How is porcelain manufactured ? 

4. How are bricks made? Into what two classes may 

they be divided? In what respects do the two 
varieties differ? 



SECTION III. 

1. Discuss the characteristics of a good pigment. 

2. How is paint made? What is the function of (1) the 

pigment, (2) the medium, in a paint ? 
3* How is white lead made 1 ? On what does its special 
value as a pigment depend ? With what substances 
is it commonly adulterated? 
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4. Discuss the relative advantages of white lead and 

zinc white as pigments. 

5. Give the common name, the scientific name and the 

chemical formula for a yellow, a red, a blue, a 
green and a white pigment. 

6. State briefly how the following pigments are made: 

vermilion, chrome yellow^ red lead, Prussian blue. 



CHAPTER XXXIL 

SECTION I. 

THE NATURE OF VEGETABLE AND ANIMAL SUB- 
STANCES. DETECTION OF CARBON, HYDROGEN AND 
NITROGEN IN ORGANIC COMPOUNDS, 

423. The Composition of Vegetable and Animal Matter, 
Vegetable and animal organisms are built up of a 
number of chemical compounds, most of which are of 
a very complex nature, The chief elements which enter 
into their composition are carJow, hydrogen, oxygen, 
nitrogen and sulphur* Very little is known about the 
constitution of the majority of these compounds; but, 
during the waste of tissue, many of them break down 
into simpler substances, and the constitution of a great 
many of these has been worked out, 

It was at one time supposed that compounds produced 
by life processes could not be prepared in the laboratory j 
hence the name "Organic Chemistry" was given to the 
branch of Chemistry which dealt with these substances, 
This view was shown to be erroneous by the German 
chemist, Wohler, who in the year 1828 succeeded in 
building up urea (CO(NH 2 ) 2 ) in the laboratory from 
inorganic material Since that time innumerable organic 
compounds have been prepared artificially, and Organic 
Chemistry is now merely the "Chemistry of the Com- 
pounds of Carbon," which are sufficiently numerous to 
justify their treatment as a separate class, 

458 
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424. A general idea of the nature and composition 
of vegetable and animal substances may be obtained 
from the following simple expeiiments : 

Exp. 230. Heat m a clean, diy test-tube a small piece of wood. 
Observe the production of a liquid which is mostly water and of com- 
bustible gases. Pass the issuing gases into lnno water and so prove 
the piesence of cation dioxide in them Note the black icsidue which 
may be completely burnt away on heating again with nitio, thus 
showing it to be carbon (charcoal). In tints vay we leain that wood 
contains, at any rate, carbon, hydrogen and oxygen. 

Repeat the expeiiment using starch, floiu, nco 01 othoi vegetable 
product, also with such animal substances as feathers, hoin, bone, 
flesh. Note in the case of animal substances the peculiai and chai- 
actenstic odour, and also that a gas comes off wluuh tuins reddened 
litmus paper blue this is ammonia. As before, wo have water and 
a black caibonaceous rebidue. The ammonia which is evolved is 
unmistakable proof of the piesence m these bodies of nitrogen 

A more satisfactory method of proving the presence 
in organic substances of the elements carbon, hydrogen 
and nitrogen, as well as sulphur and phosphorus, even 
when they are present only in relatively small proportion, 
is described below. 

425. Tests for Carbon, Hydrogen and Nitrogen in 
Organic Compounds. The methods described in the two 
succeeding experiments may be used for any organic 
substance (with a few exceptions which we need not 
consider here). 

Exp. 231. Take some powdered pure copper oxide, heat it to 
redness in a ciucible, and allow it to cool m a desiccator ; mix with 
it a little sugar and heat the mixture in a hard-glass tube : note that 
water (tested by anhydrous copper sulphate, which it turns blue) is 
formed from sugar and the diy oxide, a proof of the presence of 
hydrogen. Lower a drop of lime water into the tube on a glass rod : 
it is turned milky ; hence carbon dioxide is present, which must have 
come from carbon in the sugar. 

Exp. 232. Take a small hard-glass tube, about 0'5 cm. diameter 
and 10 c.m. long, which has been closed at one end. Cut a bit of 
potassium about the size of a pea into three or four thin slices, and 
introduce it into the tube together with a rather smaller quantity 
of gelatine the gelatine should also be cut into three or four small 
pieces, and these dropped into the tube alternately with the slices of 
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potassium. Heat the mixture first gently and finally to redness. 
While the tube is still hot, dip it into a small quantity of water 
contained in an evaporating basin. Oare must be taken in performing 
this lajjt operation, otherwise an accident may occur ; hold the tube 
with a pair of crucible tongs and stand a^far away from the basin 
as you can while dropping the tube into the water The water m the 
basin dissolves the potassium cyanide produced by the combination 
of the potassium with the carbon and nitrogen in the gelatine. Filter, 
and add to the filtiate ferrous sulphate, ferric chloride, and finally 
hydrochloric acid The formation of a blue colour, Prussian Hue, 
shows that mttogen was contained in the gelatine 

When the substance burns readily, as, for example, 
spirit, turpentine, paraffin, and camphor, the presence of 
carbon and hydrogen may be shown by the formation 
of carbon dioxide and water. 

Exp 233. Put a few drops of spirit on a glass plate, light it, and 
cover with a dry bell-jar: note the condensation of diops, which may 
be tested as above (Exp. 231) for water. Invert the bell-jar and plate, 
pour m some lime water, and shake : note the milkmess, showing the 
presence of caibon dioxide, and therefore of caibon. 

Sulphur may be tested for in the filtrate obtained in 
Exp. 232 by adding to it a few drops of a solution of 
sodium nitroprusside, when a beautiful purple coloration 
is obtained if sulphur is present 

Phosphorus may be detected by converting it into 
phosphoric acid by heating the substance gently in a 
closed crucible with nitre and potassium carbonate. 
The phosphate formed is then dissolved in nitric acid and 
ammonium molybdate added, when a yellow precipitate 
is thrown down. 



SECTION II. 
CARBOHYDRATES-SUGAR, STARCH, ete. 

The compounds treated in this section are all closely 
related and are called carbohydrates because they all 
consist of carbon combined with hydrogen and oxygen, 
the two latter elements being present in the proportion 
required to form water. It must be clearly understood, 
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however, that they are not compounds of carbon with 
water The sugars will first be dealt with, then starch, 
dextrin and cellulose. 

426. Sugar. The roots, stems and fruits of many 
plants contain sweet-tasting juices. If their sap is 
squeezed out and evaporated, or if the roots, etc., are 
cut into slices and digested with water, which is then 
evaporated, colourless crystals of sugar are deposited. 
The chief natural sources of sugar are (1) the sugar-cane 
and the sugar-beet, which yield cane sugar ; (2) ripe 
fruits, e. g. grapes, which yield grape sugar and fruit 
sugar; (3) milk, from the whey of which milk sugar 
is deposited. 

Exp. 234 Examine specimens of cane, grape, fruit and milk sugars 
(1) Taste them: they are all sweet. (2) Boil with a solution of 
caustic potash . cane sugar docs not colour the solution, but the others 
tuin it biown (3) Add a little Rocholle salt (sodium potassium 
tartiate), then excess of caustic potash and finally some copper sulphate 
solution. [The object of the Rochelle salt is to prevent the pre- 
cipitation of cupric hydroxide by the action of potash on copper 
sulphate] Boil: cane sugar only precipitates red cupious oxide on 
long boiling, but the others give a precipitate at once (4) Add 
a solution ot silver nitrate to which excess of ammonia has been added, 
and waim: the cane sugar only i educes the silver after long boiling, 
the others do so very soon. 

Exp. 235. Boil some cane sugar with dilute sulphuric acid for ten 
minutes, and test the resultant solution as in Exp 234 ; it now gives 
the same reactions as the other sugars. 

These properties of possessing a sweet taste and 
of turning caustic potash brown and reducing copper 
sulphate and silver nitrate, either at once or after 
previous boiling with dilute acids, are characteristic of 
the sugars. 

427. Hydrolysis. What is the nature of the change 
which takes place when cane sugar is boiled with dilute 
sulphuric acid? It is found that the quantity of sulphuric 
acid present in the solution after boiling is the same as 
before. It has not, therefore, undergone any permanent 
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change.* One of two alternatives remains ; either the 
water and the sugar have interacted or the sugar alone 
has suffered some change The former of these has been 
shown to he correct, and the reaction ^ may be represented 
thus : 

Cia^aAi + H 2 = C 6 H 12 6 + C 6 H 12 6 . 

Cane sugar. Giape sugar or Fiuit sugar or 

dextruse or glucose fiuetose or laevulose 

i. e. one molecule of cane sugar takes up one molecule of 
water and then breaks down into a molecule of grape 
sugar and a molecule of fruit sugar. It is now easy to 
understand why cane sugar answers to the tests for the 
other sugars after boiling with a dilute acid. 

There are a great number of substances which behave 
like cane sugar on boiling with a dilute acid, e. they 
take up the elements of water and then break down into 
two simpler substances. This process is termed hydro- 
lysis. Milk sugar, which is represented by the same 
molecular formula as cane sugar, C 12 H 22 O n , yields grape 
sugar and another sugar called yalactose (also having the 
formula C H 12 6 ) on hydrolysis with dilute acid.f 

C 12 H 22 O n + H 2 - G H 12 G + C 6 H 12 6 . 

Milk sugar. Grape sugar Galactose 

428. Starch.. An examination of wheat, barley, oats, 
potatoes, and many other plant stores shows the presence 
of an opaque white substance which becomes translucent 
when boiled. 

* With regard to the part played by the sulphuric acid very little is 
known, and the discussion of the question is quite beyond the scope of 
this work. 

f Isomerism Grape sugar, fruit sugar, and galactose afford an ex- 
ample of a phenomenon very frequently met with amongst compounds 
of carbon, namely, that of two or more substances possessing the same 
molecular formula, but different properties. This phenomenon is called 
isomerism, and is explained by assuming that the arrangement of the 
atoms m the molecules of the lespective substances is different. Cane 
sugar and milk sugar are similaily relate^, 
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Exp 236. Take a teaspoonful of flour; put it in a piece of calico 
about 9 ms square, and "bring all the edges together so as to form a 
bag , dip the bag into a beaker of water, and work the flour between 
the Angers the water comes through the calico milky. When the 
greater part of the flour is woiked thiough into the water allow it to 
settle, a white powder collects on the bottom When the water is 
nearly clear pour it off and dry the residue it is starch. 

Exp. 237. Shake a very little staich in a test-tube of cold water 
and boil well the starch partially dissolves, forming a translucent 
liquid. Allow the liquid to cool and then add a few drops of iodine 
solution . a blue colour is formed. Boil the blue solution, and the 
blue colour disappears, to retuin on cooling. 

Starch, then, is a white powder, insoluble in cold water, 
but partially soluble in hot j it is turned blue by iodine 

Exp. 238 Boil a little starch with dilute sulphunc acid and test 
a few drops of the solution from time to time for (1) staich as in 
Exp 237, and (2) sugar as in Exp. 234. The reactions of starch aie 
gradually lost, and those of sugar appeal instead. 

This is another example of hydrolysis, the starch being 
converted into grape sugar. Eepresentmg a molecule of 
starch as 6 H 10 5 it is really some large multiple of 
this the following equation expresses the change which 
takes place : 

6 H 10 6 + H 2 = C 6 H 12 6 . 

Starch. Giape sugar. 

429. The two remaining carbohydrates which will be 
discussed in this Section, namely, dextrin and cellulose, 
have the same percentage composition as starch, and are 
both represented by the empirical formula C 6 H 10 5 . 

Dextrin or British Gum is prepared from starch in the 
following manner : 

Exp. 239. Place a little dry starch in an evaporating basin m a hot 
air bath or oven. It gradually turns yellowish, and smells like gum ; 
this product is soluble in water and is used as a gum. 

Dextrin is also produced as an intermediate product 
when starch is hydrolysed by dilute acid. It most pro- 
bably consists of a mixture of substances with different 
molecular weights, all having the empirical formula 
C 9 H ao O,. 
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Exp. 240. Boil the dextim prepaied in Exp. 239 with dilute 
sulphuiic acid. Test a few drops of the solution after a time (as in 
Exp 234) aud show that sugar is present. 

Dextrin on hydrolysis is completely converted into 
grape sugar. 

430. Cellulose is the chief constituent of the fibrous 
parts of plants. Cotton, for example, which consists of 
libres attached to the seeds of the cotton plant, and flax 
which is obtained from the stems of the flax plant, are 
composed of cellulose together with a small quantity of 
mineral matter , this may be removed by the action of 
acids when pure cellulose remains. Wood also consists 
mainly of cellulose. 

Cellulose dissolves slowly in strong sulphuric acid, and 
on diluting with water and boiling dextrin is formed. 
On further boiling this is converted into grape sugar. 
The molecular formula of cellulose is unknown ; it may 
be represented as (C 6 H 10 5 )n, 

We shall now briefly consider a few important deriva- 
tives of cellulose. 

Collodion and Gun-cotton, Cellulose possesses basic 
properties, for, on treating it with nitric acid, it yields 
nitrates of cellulose and water. The reaction takes place 
more readily in the presence of strong sulphuric acid 
which removes the water formed. Cotton wool consists 
mamly of cellulose, as we saw above, and when this is 
treated for a short time with a mixture of concentrated 
nitric and sulphuric acids in the proportion of 1 : 3 a 
mixture of nitrates called pyroxylin is produced. Pyr- 
oxylin is soluble in a mixture of alcohol and ether, and 
the solution is known as collodion; it is much used in 
photography in the preparation of sensitive plates. 

If the mixture of acids in the above proportions is 
allowed to act for 24 hours a larger quantity of nitric 
acids combines with the cellulose, and an explosive sub- 
stance called gun-cotton is produced, which is much used 
for blasting ; blasting gelatine is a mixture of gun-cotton 
and nitroglycerin. 
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Celluloid is composed of gun-cotton and camphor ; it 
is extensively used for a variety of purposes, e g. for 
making combs and knife-handles. Though not explosive 
it is very inflammable. 

Cordite consists of a mixture of gun-cotton, nitro- 
glycerm and vaseline ; it is used as smokeless powder. 

431 Paper is chiefly composed of cellulose, and was 
formerly made almost entirely from linen and cotton 
rngs. At the present time, however, the greater ptut of 
the paper manufactured is made from esparto grass or 
wood. Whichever material is used, it is first reduced 
to small fragments by suitable machinery and then con- 
verted into pulp by heating up with caustic soda solution 
under pressure ; in the case of wood, however, a solution 
of " acid sulphite of lime " (calcium hydrogen sulphite, 
CaH 2 (S0 3 ) 2 ) is used instead of caustic soda as it has 
been found to be much more effective. The pulp is next 
bleached by means of bleaching powder, -and then sized 
by the addition of a solution of colophony in sodium 
carbonate followed by alum , finally substances such as 
pearl hardening (see 382) are added to "weight" the 
paper. The pulp is now run on to an endless belt, the 
motion of which converts it into a sheet of paper, and 
when this is sufficiently dry it is submitted to pressure 
by passing between two rollers. 
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OILS AND FATS SOAP GLYCERIN. 

432. Nature of Oils and Fats. An oil may be defined 
as a liquid which when dropped on glazed paper renders 
:t translucent, and a fat as a solid which when melted 
behaves in a similar manner. 

Exp. 241. Allow drops of paraffin oil and olive oil to fall on. 
diffeient parts of a sheet of glazed paper, and note that in both cases 
the paper is rendered translucent 

H H 
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Oils and melted fats possess other characteristic pro- 
perties, chiefly physical : thus, they reduce friction 
between solids, making them feel smooth and greasy; 
they do not mix -with water, but either form a skin 
over it or form globules in it, when in small quantity. 
They also burn fairly easily. 

Oils and fats are obtained from many sources in the 
mineral, vegetable and animal kingdoms. 

Mineral Oils These have been fully treated in 288 

Vegetable Oils are obtained from various paits of 
plants ; some from the stem, e g oil of turpentine, some 
from the seeds, e.g. mustard oil and linseed oil, otheis 
from the leaves, e. g. eucalyptus oil, and others again from 
the floweis, e g lavender oil and attar of roses. 

We can distinguish two classes of vegetable oils (1) 
those which are volatile and are called ethereal or 
essential oils; (2) those which are not \olatile, and are 
called fijced or non-volatile oils. 

Exp 242 Allow diops of oil of turpentine and olive oil to fall on 
ditteieiit pjits of a sheet of paper. The oil of tin pen tine soon dis- 
appeais , the ohve oil does not disappear. The foimer is a volatile oil, 
the lattei a non-volatile oil. 

433. Ethereal or Essential Oils. Oil of turpentine, 
eucalyptus oil, mustard oil and attar of roses are 
common examples of this class of vegetable oils 

Essential oils are usually obtained from plants by one 
of two methods (1) The plant-part is extracted with a 
suitable solvent which dissolves out the oil , the solvent 
and the oil are then separated by fractional distillation. 
The chief solvents employed are alcohol, ether and 
carbon disulphide. (2) The part of the plant contain- 
ing the oil is first macerated with water and the mixture 
is then introduced into a still connected with a worm 
immersed in cold water. The still is heated and a 
mixture of steam and oil passes over and condenses 
in the worm from which it runs into a suitable receiver. 
The oil and water collect in separate layers, the former 
being usually on the top on account of its lower specific 
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gravity; sometimes however the oil is heavier than 
water and then forms the lower layer. The two liquids 
are separated by decantation. 

It is often possible to obtain the oil from a plant-part 
by distilling it alone instead of with water, but this 
method is not so satisfactory, for the volatilisation of 
the oil takes place much more readily in a current of 
steam, This process of distilling a mixture of substances 
in a current of steam in order to separate the volatile 
from the non-volatile constituents is known as steam 
distillation* The method of carrying out a steam dis- 
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tillation as practised in the laboratory will be made clear 
by an examination of the accompanying figure. Steam 
is generated in the vessel A 9 and is conducted through 
the flask B which contains the mixture of volatile and 
non-volatile bodies. A mixture of steam and the volatile 
substance is carried over through the condenser and 
collects in the receiver C* 

In the pure state the essential oils are colourless 
liquids, but they darken, as a rule, on exposure to the 
air. They possess characteristic odours which are 
generally pleasant, and they are the cause of the scent 
m plants. The essential oils are largely employed in 
the making of perfumes and essences. Attar of roses 
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and lavender oil, for example, are employed for the 
former purpose, and almond oil and oil of peppermint 
for the latter, Some of them also, such as eucalyptus 
oil, possess valuable medicinal properties. 

The essential oils differ greatly from one another in' 
composition. Some, e.g. oil of turpentine, are compounds 
of carbon and hydrogen only, others, e g, oil of pepper- 
mint, contain oxygen in addition, whilst mustard oil 
contains nitrogen and sulphur but no oxygen 

Oil of Turpentine is the most important of the 
essential oils* It is obtained from turpentine^ which is 
the sap of pines and similar trees, and consists of a 
solution of resins in oil of turpentine. On distilling 
turpentine in a current of steam oil of turpentine passes 
over, and the resins remain behind. They constitute 
the substance called colophony which is used as violin 
resin. Oil of turpentine is a colourless liquid which 
possesses the useful property of dissolving many sub- 
stances that are insoluble in water, e. g. caoutchouc, 
resins, sulphur, phosphorus and lodiuo. Its solvent 
action on oils and resins is largely utilised in the 
manufacture of paints and varnishes. 

434. Drying and Non-drying Oils. If oil of turpentine 
is left exposed to the air for some time it dries up, and 
becomes converted in a resinous substance. For this 
reason it is called a drying oil. Paraffin oil does not 
behave in this manner, and is an example of a non-drying 
viL This difference of behaviour on exposure to air is 
accounted for by the fact that oil of turpentine belongs 
to the class of " unsaturated " organic compounds, and 
is thus capable of taking up oxygen from the air and 
becoming solid. Paraffin oil is a " saturated" com- 
pound and cannot add atmospheric oxygen. It there- 
fore remains unchanged. 

435. Non-Volatile or Fixed Oils and Fats Some of 
these are derived from the vegetable kingdom, some 
from the animal kingdom. Since they possess very 
similar properties and belong to the same class of 
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compounds, it will be convenient to consider them 
together, 

The fixed vegetable oils are chiefly derived from the 
seeds and fruits oft plants, and are either extracted by 
warming and pressuie, or by boiling with water and 
collecting the oil which rises to the suiface : among 
these are ohve oil, cotton-seed oil, Unseed oil and colza 
(rapeseed) oil* 

Exp 243 Boil some linseed with water j notice the oil which 
rises to the suiface. 

Among the commonest and most impoitant fats and 
oils derived from the animal kingdom are butter, tallow, 
lard and whale oil. The pure fats aie extracted from 
the tissues containing them by warming and stiammg 
or fill ei ing under pressure 

Exp, 244. Put some mutton or beef suet into a muslin bag, 
mil odnce into a basin of hot water, and squeeze the bag The fat 
will melt and run out into the basin leaving the tib&uo in the bag. 
On cooling the fat solidifies It is tallow. 

Another impoitant fatty product of the animal kingdom 
is beeswax. 

Butter is in reality a very complex substance, but it 
consists essentially of tnolein (60 per cent), tripalmitm, 
tiistearin and tributyiin (5 per cent.). It differs from 
other animal fats in containing such a relatively large 
proportion of the last-named glycende. There are in 
addition water, salts, curds, and colouring matter. The 
proportion of water may be as high as 15 or 16 per 
cent. The total fat averages, in unadulterated butter, 
from 85 to 87 per cent. The rancidity of butter is due 
to the production of butyric acid from the butyrin by 
a process of decomposition Like lard, butter contains 
a large proportion of triolein, and hence is never very 
hard except in cold weather. 

436. Action of Caustic Potash on Fats and Oils The 

fixed oils and fats behave in a very different manner 
towards caustic potash from the oils which only contain 
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carbon and hydrogen, such as the mineral oils and oil 
of turpentine. 

Exp. 245 Place some caustic potash solution in four test-tubes and 
put into them (i.) a small piece of suet or Callow, (n ) some olive 
or linseed oil, (m ) some oil of turpentine, (iv.) some paiaffm oil, 
respectively ; shake up well and allow to stand (i ) and (ii ) become 
milky and form a lather ; the fat giadually disappeais, the oil almost 
at once, and neither readily reappears , (m.) and (iv ) become milky, 
but do not form a lather, and the oil soon settles again into a separate 
layer. 

Thus we see that fat and olive oil readily form soapy 
solutions, i e. are saponified hy caustic potash ; while oil 
of turpentine and mineral oil are not saponified 

In older to find out something about the composition 
of the saponifiable fats and oils, we must now examine 
their interaction with potash mere carefully. 

Exp, 246, Boil some suet with a dilute solution of caustic soda 
until it is mostly dissolved, pour off the clear liquid, and add to it an 
excess of hydrochloric acid . there is an. immediate white precipitate of 
flocks of a fatty substance. Collect some of tho precipitate on a iiltcr 
pap or, and mix some of it with water it is insoluble Add soda 
solution the precipitate dissolves, and is again precipitated by the 
action of an acid It is probably, therefore, an acid or mixture of 
acids. 

Examination of the flocks prepared in this way from 
different animal fats shows that they aie mixtures, and 
it is possible to squeeze out by pressure a yellow oil, and 
leave a white wax-like solid. 

The yellow oil consists for the most part of a substance 
represented by the formula C ir li 33 - COOH, and called 
oleic acid, 

The white solid differs in composition with its source. 
Thus, from hard fat its composition is represented by 
C 17 H 35 * COOH, called stearic acid, and from softer fats 
the composition is represented by C 15 H 31 ' COOH, called 
palmitic acid. 

Oleic acid differs in composition from stearic acid by 
two hydrogen atoms per molecule j it can hence absorb 
oxygen from the air, and become resimfied or dry 

The propei ties of palmitic and stearic acids are so 
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similar that tliey are generally considered together. Tb*? 
aie colourless fatty bodies, melting at 61 and 71 respec- 
tively. They are insoluble in water, but soluble in alcohol, 
benzene, etc., and i$ solutions of alkalies. 

437. Soaps. Palmitic, stearic and oleic acids all com- 
bine with bases to form salts, the soaps. The alkali salts 
are produced when fixed fats and oils are treated with 
caustic alkalies as in Exps. 245, 246 , they are soluble in 
pure water, but insoluble in salt water. 

Exp, 247. Preparation of Soap Boil some suet with caustic soda 
as in Exp 246 and to the clear liquid add some salt. Flocks of soap 
will separate out and nso to the surface Filter some of them off and 
boil them with water , they dissolve. Now make a solution of oidi- 
nary yellow soap m water and show that when salt is added similar 
flocks separate , also show that they are soluble in water. 

The soaps ol the alkaline earth metals, calcium and 
magnesium, are insoluble in water, and are precipitated 
by the addition of soap solution to hard water (see 112, 

j. JLo ) . 

Soap solution has a curious effect on fats and oils, so 

that finely-divided particles of them do not tend to run 
together in a soapy solution. Such an intimate mixture 
of oil particles and water is termed an emulsion, and the 
cleansing properties of soap are due to the formation of 
an emulsion of any particles of grease by the action of 
the soapy water (see Exp. 245). 

The sodium soaps are harder than the potassium 
sonps; so that the latter are generally called soft soaps. 
Soap is soluble in alcohol and separates on evaporation 
as a transparent solid, transparent soap. 

Exp 248 Cut some shavings of yellow soap and dry them in a 
water bath till hard , dissolve them in methylated spuit with caieful 
warming and allow to stand. Note the transparency of the product, 

Lead soap t made by boiling olive oil with lead oxide 
and water, is used in the manufacture of lead strapping 
plaster. Marine soap is soluble in salt water j it is made 
from cocoa-nut oil. 
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Manufacture of Soap Soap is usually manufactured 
by boiling oils and fats with dilute caustic soda solution 
till the fat is completely saponified, and then salting out 
the soap as in Exp. 247. Any impurities in the fat 
either use to the top of the soap or else sink. The 
central portion is boiled up with water and allowed to 
set During this boiling various substances are added. 
Thus, to produce yellow soap a solution of resin in 
caustic soda is added , and to produce mottled soap 
sodium silicate and colouring matters are added. 

438. Glycerin. If the watery solution which remains 
after the soap has been removed in the process above 
described is evaporated down a thick, sweetish liquid is 
left, which boils at about 290 C. Its molecular com- 
position is represented by the formula C 3 H 8 3 , and it 
is called glycerin. Glycerin is obtained in very large 
quantities as a bye-product in the manufacture of stearin 
from fats and oils (see 443). 

As ordinarily seen it is a thick, sweet, colourless 
liquid, but when quite pure it is a crystalline solid melt- 
ing at 17 C.; it is very hygroscopic. Glycerin is used 
in the manufacture of mtroglycerin (see below), stamping 
inks, flexible glue and toilet soap. It is also employed 
medicinally and as a food preservative. 

Glycerin does not burn when a light is applied to it 
unless it has been previously heated to about 150 0. 

Exp S49. Apply a light to a little glycerin on a crucible lid it 
does not burn. Heat when the temperature has risen sufficiently it 
\\ ill become inflammable. 

When glycerin is treated with phosphorus pentachloride 
it loses three atoms of oxygen and three atoms of 
hydrogen, and takes up three atoms of chlorine. Now 
it is found to be a general rule that when phosphorus 
pentachloride acts on a compound containing hydroxyl 
(-0-H) groups, each hydroxyl group is replaced by 
a c'hlorine atom. Erom this it follows that glycerin 
contains three ( - - H) groups, and its formula may 
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be represented as 3 II 5 (OK) 8 , i e as the hydroxide of 
a group of atoms 3 H 5 . Further, glycerin behaves 
towards acids in the same way that hydroxides of the 
metals do, i. e. it fcvms salts with elimination of water. 
It is, therefore, a base, and the group 3 H 5 acts the part 
of t metal. To bring this out more clearly let us write 
the equations for the action of nitric acid on glycerin 
and on a metallic hydroxide which also contains thiee 
( - - H) groups such as aluminium hydroxide, A1(OH) 3 , 

A1(OH) 8 + 3HN0 3 = A1(N0 3 ) 3 + 3H 2 

Aluminium nitrate, 



C 8 H 5 (OH) 3 + 3 HNO S = 3 H 5 (N0 8 ) 3 + 3 H 2 0. 

Glyceryl nitrabe. 

Here the group 3 H 5 passes from one compound to 
Another without being broken up just as the atom of 
aluminium does It is therefore another example of a 
compound radicle, examples of which have already been 
discussed in 183 Also since C 3 H 5 acts the part of a 
metal , it is called a positive radicle, because on electro- 
lysing a solution of a metallic salt the metal is attracted 
to the negative electrode (see 325). 

439. BTitroglycerin. Glyceryl nitrate is usually called 
nitroglycerin. It is prepared on the laige scale by the 
action of a mixture of nitric and sulphuric acids on 
glycerin. The function of the sulphuric acid is to take 
up the water formed according to the equation given 
above, and so facilitate the reaction. Nitroglycerin is 
a very explosive substance, and detonates violently when 
subjected to a slight shock. It is used as an explosive 
either alone or in the form of dynamite, which is a 
mixture of nitroglycerin and a porous earthy substance 
called Ideselyulvr. The mixture is less liable to explode 
suddenly than pure nitroglycerin, and is consequently 
easier to manipulate. Nitroglycerin is also used in the 
manufacture of blasting-gelatine and cordite (see 430). 
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440. Composition of Fixed Oils and Fats. We have 
seen that the action of caustic alkalies on the feed oils 
and fats is to produce glycerin and the sodium or 
potassium salts of fatty acids. Thse reactions become 
intelligible if we assume that the oils and fats are salts 
of glycerin and the corresponding fatty acids. Thus the 
tat derived from stearic acid, namely, glyceryl stearate, 
has the formula (0 1? H 35 ' COO) 3 C 3 H 5 , the hydrogen atoms 
of three molecules of stearic acid being replaced by the 
trivalent radicle 3 H 5 This fat is called tnstearin. The 
change which takes place when tristearin is decomposed 
by caustic soda is represented by the equation 



(C 17 H 35 COO) 3 C S H 5 + 3 NaOH = C 3 H 6 (OH) 3 

Tnstearin* Glycerin. 

+ 3 O ir H 35 - COONa. 

Sodium stearate or soap. 

If caustic potash is used instead of caustic soda the 
reaction is similar, except that potassium stearate (soft 
soap) is formed instead of sodium stearate. 

The formulae for glyceiyl palmitate and glycery oleate 
are very similar to that of tnstearin, being respectively 
(C 15 H 31 C00) 3 * C 3 H 5 , and (C 17 H 33 -COO) 3 C 3 H 5 ; the former 
is called tripalmitin and the latter triolein. The equations 
for their reactions with caustic alkalies are similar to 
that given above 

All these three compounds are found in common 
animal fats tallow, mutton fat, butter, etc. Tripalmitin 
derives its name from its occurrence in palm oil, 
and triolein is so called because it is found in olive oil. 
Whereas tristearin and tripalmitm are solid at the 
ordinary temperature, triolein is liquid. 

441. linseed Oil. This oil is extensively employed in 
making paint on account of its drying properties. It 
consists largely of the glycerin salt of an acid, 
C 15 H 27 * OOOH, called Imoleic acid On comparing this 
acid with palmitic acid, C 15 H 31 * COOH, it will be noticed 
that the former contains the same amount of carbon per 
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molecule as the latter, but less hydrogen. It is therefore 
an unsaturated acid, and its glycerin salt, glycerin 
Imoleate, or trilmolem (C 15 H 27 COO) 3 C 3 H 5 , is also un- 
saturated, and, hle other unsaturated oils, combines 
directly with the oxygen of the air and becomes re- 
smified, This explains why linseed oil is a drying oil, 
whereas olive oil, which only contains a small amount of 
trilinolein, is a non-drying oil. 

It is a remarkable fact that linseed oil dries much 
more rapidly after heating for some time along with 
certain substances such as red lead, lead acetcite and 
manganese borate (of which the last is the most effective). 
The oil which has been treated in this way is called 
"boiled" oil, and in making paint " boiled" oil is 
generally employed. 

442. Action of White Lead on Linseed Oil. It has 

already been mentioned in dealing with soaps that 
litharge (lead oxide) is able to saponify oils This 
property is of great importance in the manufacture of 
paints, for white lead, which is the basis of most paints, 
consists of a compound of lead carbonate and lead 
hydroxide, and on mixing this with linseed oil, the lead 
hydroxide in the white lead reacts with the trilinolein in 
the oil to produce lead hnoleate according to the 
equation 

2 (0 ]6 H 2Y COO) 3 C 3 H 5 + 3 Pb(OH) 2 = 2 C S H 5 (OH) 3 

Ti ilmolem G Ij cerm 

+ 3(0 16 H 2r -000) 2 Pb. 

Lead Imoleate 

As a result of the formation of this heavy opaque lead 
salt the covering power of white lead is very great 
much greater than that of a compound such as per- 
manent white, which does not react with oils. 

443. Candles. Several substances are used for making 
candles, the chief of which are stearic and palmitic 
acids, paraffin wax, beeswax, tallow and spermaceti 
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(the wax obtained from the sperm whale) Tallow is 
very unsatisfactory, as it burns with a nasty -smelling, 
smoky flame, and gutters badly on account of its low 
melting-point. The same objection^ apply to paraffin 
wax. Most candles are now made from stearin, which 
is a mixture of stearic and palmitic acids obtained on 
the large scale by the action of superheated steam, lime 
and water, or dilute sulphuric acid on fats and oils 
chiefly tallow and palm oil. If superheated steam or 
dilute sulphuric acicl are used the fiee acids are liber- 
ated. Thus the reaction in the cabe of tripalmitm is 

(O u H n COO) 3 C a !I 5 + 3 11,0 = 3 15 H 31 COOH 

Tnpalmitm Palmitic acid. 

+ C 3 H S (OH) 3 . 

If, however, lime is used, a, lime soap is formed, e, g. 
2 (<J ir II 35 COO) 3 C 3 II 5 + 3 Od(OH), = 3 (C ir II 36 C00) 2 0a 

Tiifateaiin. Calcium stearate 

+ 2 3 H 6 (OII) 3 . 

This is then decomposed by the addition of dilute sul- 
phuric acid, which liberates the free acid, 

(C 17 H 35 * COO) 2 Ca + H 2 S0 4 2 C 17 H 35 COOH + CaS0 4 . 

Calcium stearate Stcanc acid 

Whichever method is adopted, a product is obtained 
which separates into two large layers, the upper consifat- 
mg of a mixture of steal ic, palmitic and oleic acids, and 
the lower of an aqueous solution of glycerin. The 
mixture of fatty acids is skimmed off and submitted to 
pressure to remove the liquid oleic acid. The solid 
residue constitutes stearin, as already stated. Stearin 
candles are composed of stearin mixed with a little 
paraffin wax to render them less brittle. 
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SECTION IV. 
FOODS. 

444. Functions of Foods. The part which food has to 
play in the economy of an animal is threefold (1) it 
replaces waste tissue, and in a growing animal supplies 
the new tissue required for this growth ; (2) it maintains 
the temperature of the body at the necessary level 
(98 F ) , and (3) it furnishes the energy winch the animal 
requires when it does work. 

445. Nature of Foods. A suhstance which is capable 
of undergoing oxidation in the body of an animal at the 
expense of the oxygen which it inhales, may be used as 
a food for the purposes of (2) and (3) ; during the oxida- 
tion chemical energy is transfoimed into heat and 
muscular energy. 

The classes of compounds which have been found to 
fulfil the above condition are carbohydrates, fixed oils and 
fats and albuminoids or proteids. Of these the first two 
consist, as we have seen, of the elements carbon, hydrogen 
and oxygen. Albuminoids, however, contain in addition 
nitrogen and sulphur and sometimes phosphorus. We 
will consider first the non-nitrogenous compounds. 
When they undergo oxidation in the body they are 
converted almost entirely into carbon dioxide, which is 
exhaled in the breath, and water. Let us consider some 
of the chief articles used for food. Beginning with 
those containing carbohydrates, we have bread, potatoes,' 
oatmeal, rice and sago, in all of which large quantities 
of starch are present. Ripe fruits contain grape sugar 
and fruit sugar. Again, cane sugar, which is a pure 
carbohydrate, is a staple article of diet. 

Turning to the oils and fats, the most important 
examples are butter and fat meats 
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446, Albuminoids or Proteids. On analysing animal 
tissue it is found to always contain the elements carbon, 
hydrogen, oxygen and nitrogen, It is clear, therefore, 
that carbohydrates and oils and fats* cannot be used to 
build up fresh tissue, for they do not contain nitrogen; 
the only class of bodies which can be employed for this 
purpose is the albuminoid or protcid class. These are 
bodies of very complex composition to which as yet no 
definite formulae can bo assigned; they aie all similar in 
pioperties to white of egg or albumen whence the name 
cdlwninoid. The term proteids is used to imply that 
these substances constitute the most important part of 
animal organisms (from the Greek irpwraov, pre-eminence) 
Examples of foods in common use which consist mainly 
of albuminoids are lean meat, white of egg and milk. 

Besides building up tissue, albuminoids are able to 
fulfil the other functions of a food, for some of the carbon 
and hydrogen which they contain undergoes oxidation 
in the body of the animal. An albuminoid, then, con- 
stitutes a complete food. It is not, however, advisable 
to. live on a diet composed entirely of albuminoids, for 
a much larger quantity would have to be eaten to supply 
the necessary heat and other forms of energy to the 
body than would suffice to repair wasted tissue* This 
means that more nitrogen would be taken into the 
system than could be assimilated, a species of over- 
feeding. The best diet, therefore, consists of a judicious 
mixture of nitrogenous and non-nitrogenous foods. In 
summer time, a smaller quantity of heat-giving foods 
bread, potatoes, fat meat, etc. should be eaten than in 
winter, because, since the surrounding temperature is 
higher m summer, a smaller supply of internal heat is 
required to keep the body at the necessary temperature. 
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QUESTIONS. CHAPTER XXXII. 
SECTION I. 

1. What are the chief elements which enter into the 

composition of organic matter] By whom was an 
" organic " compound first prepared from inorganic 
material 1 In what respect was this discovery of 
extreme importance t 

2. Describe how you would test an organic compound 

for the elements carbon, hydrogen and nitrogen. 

SECTION II. 

1. A solution of cane sugar is divided into two equal 

parts. One part is boiled for a short time with 
dilute sulphuric acid, and the following experiments 
are then performed with each part (1) the liquid 
is boiled with caustic potash; (2) Eochelle salt, 
excess of caustic potash, and copper sulphate solu- 
tion are successively added to the liquid, which 
is then boiled , (3) silver nitrate and excess of 
ammonia are added to the liquid, which is then 
boiled. State what happens in each case, and 
explain why the cane sugar behaves differently 
before and after boiling with sulphuric acid. 

2. Explain, with examples, the meaning of the term 

hydrolysis. 

3. What do you understand by the term isomerismt 

Give several examples of isomeric bodies. 

4. How would you investigate experimentally the change 

which takes place when starch is boiled with dilute 
sulphuric acid ? 

5. Compare the properties of starch and cane sugar. 

Why are they classified together as carbohydrates? 
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6. Give two methods by which dextrin can be obtained 

from starch. What compound is produced when 
dextrin is boiled with a dilute mineral acid 1 

7. What is the chemical composition of cellulose 1 ? How 

is pure cellulose piepared, and how may it be 
transformed into grape sugar ? 

8. Explain how the following substances are obtained 

from cellulose, and state for what purposes they 
are used (1) gun-cotton ; (2) collodion; (3) blast- 
ing-gelatine , (4) cordite } (5) celluloid 

9. How is paper nianuf actui ed fioin wood? 



SECTION III. 

1. What is an oil 1 Compare the properties of paraffin 

and olive oils. 

2. Into what two classes can vegetable oils be divided? 

Give several examples of each class If you were 
given a vegetable oil and asked to Und out to which 
class it belonged, how would you proceed 1 

3. Describe two methods by which essential oils are 

extracted from plants. 

4. Explain the term steam distillation, and give an 

example of the practical use of this process 

5. Explain, with examples, the difference between a 

drying and a non-drying oil 

6. Describe the processes by which (1) fixed oils are 

extracted from plants ; (2) tallow is obtained from 
mutton suet. 

7 The following substances are shaken up well with 
caustic potash solution and allowed to stand (1) 
linseed oil; (2) turpentine; (3) paraffin oil; (4) 
tallow. State what happens in each case, and 
explain why these substances do not all behave 
alike. 

8. Explain how you would show that mutton fat is an 
organic salt. What is a soap ? 
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9 How is hard soap manufactured? "What is the 
difference in composition between soft soap and 
haid soap 1 ? 

10. What is glycerin^ 1 ? How is itpropaied? How would 

you sliow that it is a basic body 1 

11. How is nitroglyceim piepared, and how is it con- 

verted into dynamite ? 

12 Explain why white lead possesses so much greater 
coveung power than peimanent white 

13. What are the chief substances used m making 

candles, and which substance pioduces the be&t 
candles ? 

14. What is stearin, and how is it manufactured ? 



SECTION IV. 

1 What are the functions of foods m the economy of 

an animal *Z Which of these functions are fulfilled 
by (a) carbohydrates, (b) iixed oils and fatsj (c) 
album moidb ? 

2 Why is it inadvisable to live on a diet consisting only 

of albuminoid subfatances'Z Explain why less bread, 
potatoes and fat meat should be eatoa in summer 
than in winter. 
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CHAPTER XXX111. 

SECTION I. 
ALCOHOL, C 2 H 5 'OH. 

447. Preparation of Alcohol Fermentation If a solu- 
tion of grape sugar is left exposed to the air it begins to 
become turbid and to give off bubbles of carbon dioxide 
At the same time alcohol or spirit of wine begins to form, 
The process is termed fermentation, and is brought about 
in this case by the agency of organisms which are pre- 
sent in the atmosphere. The reaction may easily be 
investigated, 

Exp. 250. Take a large flask and place in it some solution of grape 
sugar. Place some yeast in the flask and shake it well , put the flask 
in a Wtirm place and allow it to stand for a few days. Obseive the 
frothing and prove that it is due to the founation of carbon dioxide 
After a time, fit the flask with a coik and bent tube connected with a 
condenser (Fig 80), and distil off a few c.c. of the liquid Apply a 
light to a fewdiops : the liquid burns, Mix a few diops with water, 
iodine, and caustic potash solution, the charactenstic smell of iodoform 
is noticed. 

Thus by the action of yeast on a solution of grape 
sugar alcohol is formed. Examine the yeast under a 
microscope and notice that it is composed of small 
rounded plant-cells belonging to the class of Fungi. 
This plant, Saccliaromyces (Torula) cerevisiae, and several 
others, when immersed in water containing grape sugar 
convert the greater part of the sugar into alcohol and 
carbon dioxide according to the equation 



Grape sugar Alcohol Carbon dioxide. 
482 
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Until recently it was supposed that this change was 
directly brought about by the living organisms which 
obtained part of the energy required for building up their 
cell substance from sugar by splitting it up into carbon 
dioxide and alcohol It has now been shown, however, 
that the liquid which can be squeezed out from the 
broken plant-cells is just as effective as the living plant- 
cells, from which it would appear that the active body is 
a lifeless substance produced during the growth of the 
plant, and not the plant itself. The term fermentation is 
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applied to the process of the conversion of grape sugar 
into alcohol and carbon dioxide and to a number of 
similar processes, and the substance which bimgs about 
the change is called a ferment , the ferment which decom- 
poses grape sugar is called zymase. 

Only 95 per cent, of the sugar undergoes the change 
represented in the equation given above ; 3 per cent is 
changed into glycerin and 0'5 per cent, into succimc acid. 
Several other compounds are also formed in smaller 
quantity. 

[It may be noted here that, in presence of more oxygen 
than can be readily dissolved in water, sugar is almost 
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completely oxidised to carbon dioxide and water , so 
that in the manufacture of bread only a very small 
amount of alcohol is formed] 

448. Beer and Spirits When bafley is allowed to 
germinate it gives rise to the formation of a ferment 
called diastase, which is capable of conveiting starch 
into a sugar, maltose, isomeric with cane sugar. Maltose, 
like grape sugar, is readily fermented by yeast with form- 
ation of alcohol and carbon dioxide it has been proved, 
however, that the change takes place in two stages brought 
about by two different ferments ; first the maltose is con- 
verted into giape sugar by a ferment maltase or glucase 
present in the yeast, and then the grape sugar is changed 
into alcohol and carbon dioxide by the ferment zymase, 
also present in yeast (as we saw in 447) On these facts 
the manufacture of beer and spirits is based In making 
beer, barley which has been steeped in water is spread 
out in layers and allowed to germinate at a suitable 
temperature It is then heated up to such a temperature 
that germination is stopped. The product, which is called 
malt, is next soaked in water and kept for some time at 
a temperature of 60 - 65 C. j this results in the conversion 
of the starch into a mixture of dextrin and maltose The 
liquor (called wott) is now run off from the solid matter 
and boiled with hops, which impart a bitter flavour to 
the beer and also prevent decay, on account of their anti- 
septic properties, The woit is cooled to a temperature 
of 20 - 25 0., and yeast is added when the maltose is 
converted into alcohol and carbon dioxide, and beer is 
produced. Since the amount of maltose present is not 
great, it is usual to add some glucose to the wort j this 
is fermented by the yeast, and increases the quantity of 
akohol in the bser. 

Spirits are made from barley by a process which 
closely resembles that used in making beer. The main 
difference is that the malt is kept soaked in water for a 
much longer time, till, in fact, att the starch has been 
converted into maltose, instead of only a small part, as 
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in the case of beer. After the fermentation of the woit 
the liquid is distilled and the aqueous alcohol which 
passes over is purified by redistillation, when it constitutes 
spirits (brandy, whieky, etc,). 

Wines are made by merely exposing grape juice to the 
air; the grape sugar present is fermented by yeast, 
derived from the " bloom " of the fruit. 

Composition of Alcoholic Liquors The percentage of 
alcohol in some of tho chief alcoholic liquors is given in 
the following table 

Brandy 40-50 per cent Port 20 per cent. 

Whisky 40-50 Sherry 16 

Rum 40 Claret 7 

Gin 35-40 Ale 55-6 

Purification of Alcohol The alcohol prepared by dis- 
tillation is, as we see from the table given above, mixed 
with a considerable quantity of water, and is purified 
by fractional distillation. The final product, rectified 
spirit) has still a little water in it, and is dried by stand- 
ing over and distillation from quicklime. This removes 
nearly all the water, and the final traces can be removed, 
when required, by redistillation with quicklime and 
collecting only the middle fraction of the distillate. 

449. Properties of Alcohol, Pure or absolute alcohol 
is a colourless liquid with a characteristic burning taste 
and smell. It burns when lighted. It boils at 78 3 0., 
freezes at -130, and has a specific gravity of 79 It 
mixes in all proportions with water and with ether, and 
it readily absorbs water vapour from the air. On mixing 
with water there is a contraction of volume, 52 c.c. of 
alcohol and 48 c c. of water making only 96*4 cc of the 
mixture. When mixed with water and poured upon 
gunpowder and lit, aqueous alcohol will not set fire to 
the gunpowder if it contains less than 49 3 per cent by 
weight of spirit. Spirit of this strength is called proof 
spirit 

Alcohol is represented by the formula G 2 H 6 O, which 
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is baaed on its percentage composition and molecular 
weight only, or by 2 H 5 OH, as the hydroxide of a positive 
radicle C 2 H 5 or ethyl, i e. a radicle resembling the radicle 
C 3 H 5 of glycerin (see 438). The .latter formula is 
supported by the fact that alcohol acts like a base, forming 
salts (ethereal salts) and water by the action of acids 

Thus when mixed with hydrochloric acid and heated 
under pressure a chloiide, ethyl chloride, C 2 H 6 C1, is 
formed 

C 2 H 6 OH + HC1 - C 2 H 5 01 + H 2 0. 

When warmed with concentrated sulphuric acid an 
acid sulphate is formed, ethyl hydrogen sulphate, 
C 2 H 5 HS0 4 

C 2 H 6 OH + H 2 S0 4 = C 2 H 5 HS0 4 + H 2 0. 

The following facts afford confirmatory evidence of the 
correctness of the formula just given. 

(i.) Sodium dissolves readily in alcohol, replacing one 
atom of hydrogen and forming a body, sodium alcoholate 
or sodium ethylate^ represented by the formula C 2 H 5 ONa 
This shows that one atom of hydrogen in alcohol is 
different from the other five. 

(ii ) Phosphorus pentachloride acts readily on alcohol, 
removing one oxygen and one hydrogen atom, and 
putting one chlorine atom in their place, thus forming 
ordinary ethyl chloride, C 2 H 5 C1. These two atoms must 
hence be arranged in the molecule in the form of a 
hydroxyl (-0-H) group. One of the hydrogen atoms, 
then, is directly united to oxygen and differs m this 
lespect from the other five. The equation representing 
the change which takes place is 



0H 6 - OH 



PC1 5 - C 2 H 5 C1 + POC1 3 + HC1. 

A cohol Phosphorus Ethyl chloride. Pliosplioius 

xj chlori 



pentaclilonde oxj chloride 

(iii.) None of the hydrogen atoms in ethyl chloride are 
replaceable by sodium, from which it follows that the 
hy<liogen atom in ethyl alcohol which is replaceable by 
sodium, is the one contained in the hydroxyl group, 
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Alcohol dissolves many substances insoluble in water, 
e. g resins, etc., and so is much used in manufactures. 
To prevent the drinking of this alcohol, which does not 
pay duty as a foojj, it is methylated by adding 10 per 
cent, of crude wood spirit and as much paraffin as it 
will dissolve. On the Continent bone oil is often added 
for the same puipose. 

450 Action of Sulphuric Acid on Alcohol, We have 
seen that alcohol dissolves in concentrated sulphuric 
acid with the formation of ethyl hydrogen sulphate. 
This salt undergoes two very interesting decomposi- 
tions (1) when heated with excess of the sulphuric 
acid ; (2) when heated with excess of alcohol. 

(1) When heated with excess of concentrated sulphuric 
acid the salt splits into water and ethylene gas. The 
reaction may be represented by the equations 

C 2 H 5 OH + H 2 S0 4 = 2 H 5 HS0 4 + H 2 0, 

Ethyl liydiogen sulpliate 

C 2 H 5 *HS0 4 = C 2 H 4 + H 2 S0 4 . 

This reaction has already been used in 280, for the 
preparation of ethylene. 

(2) When heated with excess of alcohol the salt forms 
an oxide of ethyl, ether, or ethyl ether. The reaction may 
be represented thus - 

C 2 H 5 - HS0 4 + C 2 H 5 - OH = (C 2 H 5 ) 2 + H 2 S0 4 . 

Preparation of Ether. Exp. 251. Fit up a fla&k with 
a condenser, dropping funnel, and thermometer reaching 
nearly to the bottom of the flask (Fig. 81) ; in the flask 
place a mixture of about equal volumes of sulphuric 
acid and alcohol and heat it on a sand bath or asbestos 
to about 140. Fill the dropping tube with a mixture of 
alcohol and sulphuric acid, and allow it to trickle in 
from time to time : a volatile liquid comes over witn a 
characteristic smell of ether. 
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451. Properties of Ether. Ether is a volatile, mobile, 
colourless liquid of specific gravity *72, boiling at 35 0., 
and solidifying at - 129. Its percentage composition 
and molecular weight are represented by the formula 
C 4 H 10 0. When rapidly volatilised the heat which is 
rendered latent in the ether vapour is supplied by any 
bodies with which it is in contact, and they become very 
cold, so much so that an ether spray is largely used to 
pi oduce local -cooling. 




FIG 81. 

Exp 252 Take a small beaker and [>Lice it on a few diops of water 
on a block of wood; put some ethei in the beakei, and blow air 
through it by moans of a tube and bellows the ethei cools, the water 
freezes, and the beaker sticks to the wood. 

Ether acts as a solvent, and is able to extract many 
bodies from their solutions in water. It has also a 
valuable anaesthetic action Ether burns in air, and 
explodes with oxygen. Care must always be taken to 
evaporate ether only on a water bath and without a 
flame very near it. 
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452. Action of Nitric Acid on Alcohol We should 
naturally expect that the action of nitric acid on the 
base alcohol would be to form the salt ethyl nitrate and 
water This reaction docs take place to a greater or less 
extent depending upon the conditions of concentration, 
temperature, etc 

HN0 3 + 2 H 5 OH = H 2 + O^H, N0 3 . 

Ethyl nitiato 

But alcohol is easily oxidised, so that part of the 
nitric acid is reduced by it to nitrous acid which com- 
bines with a further quantity of the alcohol to form ethyl 
nitrite, 2 TI 5 N0 2 , according to the equation 

C 2 H 5 -OH = H 2 + C 2 H 5 - N0 2 . 



453. Action of Oxidising Agents on Alcohol Oxidis- 
ing agents e g. chromic acid or alkaline permanganate 
solution, oxidise alcohol very readily to aldehyde. 

Exp 253 Take two or three drops of alcohol in a test-tube and add 
potassium bicln ornate solution and sulphunc acid ; warm the mixture : 
the cluomic acid tuins giecn from i eduction, and a new and character- 
istic fiuity smell is noticed the smell of aldehyde. 

Aldehyde has different propeities from alcohol, and its 
composition and molecular weight are represented by 
the formula C 2 H 4 0. Since its formula differs from that 
of the paient alcohol, C 2 H 0, by two hydrogen atoms, it 
is called al-de-hyde, which is a contraction for alcohol de 
hydrogenatum. 

Aldehyde is a colourless mobile liquid with a character- 
istic fruity smell and burning taste. It boils at 21 0. 
It is soluble m water and alcohol 

Nitric acid, chromic acid, and other oxidising agents 
are readily reduced by aldehyde more readily than by 
alcohol 

Exp 254 Take a solution of silver nitrate in a test-tube ; add to 
it a few drops of ammonia solution until the piecipitate which la at 
first formed ledissolvcs ; then add a few diops of potash solution until 
the solution becomes slightly turbid. Add a few drops of aldehyde : 
the silver is reduced, more quickly on wanning, in the foim of a 
lustrous metallic lining to the tube, the silver mirror, 
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Sodium amalgam reduces aldehyde again to alcohol. 

Exp 255 Boil a few drops of aldehyde in a test-tube with a strong 
solution of caustic potash ; it turns yellow and then brown from the 
formation of aldehyde resin 

From these reactions \vo see that aldehyde has similar 
pioperties to grape sugar, and we may infer that they 
belong to the same class of bodies. 



u 



SECTION II. 

COMMON VEGETABLE ACIDS ACETIC ACID, OXALIC 
ACID, TARTARIC ACID. 

454. Acetic Acid, C 2 H 4 2 Preparation. We have just 
prepared aldehyde from alcohol by oxidation, and have 
noticed that it possesses reducing 
properties, i e. that it is readily 
oxidised. It is therefore advisable 
to examine the products of oxidation 
of the aldehyde, i. e. the products 
of further oxidation of alcohol. 
For this purpose the aldehyde, or 
alcohol, is submitted to the action of 
the oxidising agent for some time. 

Exp. 256. Take a half-litre flask, 
fitted with a cork and upright con- 
denser so as to run the distillate 
back into the flask (see Fig. 82); 
place in the flask about 20 gms. of 
potassium bichromate covered with 
dilute sulphuric acid (one in five). 
Warm by a water bath and pour 
down the condenser a few c.c. of 
aldehyde or alcohol: the smell 
gradually changes to that of vinegar. 
Turn the condenser down by fitting 
it with a bent tube, and heat the flask , collect the dis- 
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tillate coming over between 110 and 120, test it with 
litmus, chalk, etc. : it is acid. 

The acid, a dilute solution of which has been prepared 
in the above expedient, is called acetic acid; its per- 
centage composition and molecular weight are represented 
by the formula C 2 H 4 2 . 

455. Manufacture of Acetic Acid. Acetic acid is 
obtained on the large scale from pyroligneous acid, i. e. 
the acid produced by the destructive distillation of wood. 
The pyroligneous acid, which contests of a mixture of 
water, acetic acid, methyl alcohol and acetone, is treated 
with lime, which converts the acetic acid into calcium 
acetate, and then distilled to remove methyl alcohol and 
acetone. The residual liquid is evapoiated down, and 
the tarry substances which rise to the surface are 
skimmed off. The evaporation is finally carried to dry- 
ness and the residue of calcium acetate gently ignited to 
burn away organic matter as far as possible. The punned 
salt is next distilled with concentrated hydrochloric acid 
in copper vessels, when a strong solution of acetic acid 
passes over The acid is further purified by redistilling 
with potassium bichromate, and now contains no impurity 
except water. To remove this the solution is neutral- 
ised with sodium carbonate and the sodium acetate 
(NaC 2 H 3 2 3 H 2 0) produced is crystallised out ; the 
crystals are ignited to drive off the water of crystallisa- 
tion, and the anhydrous salt distilled with concentrated 
sulphuric acid, when pure anhydrous acetic acid passes 
over and collects as a colourless liquid. 

The equations representing the reactions involved in 
the above process are as follows 

Oa(OH) 2 + 2C 2 H 4 2 = Ca(C 2 H 3 2 ) 2 + 2 H 2 0, 

Slaked lime Acetic acid, Calcium acetate 

Ca(C 2 HA) 2 + 2 HC1 = CaG1 a + 2 C 2 H 4 3 

Hydi ochlonc acid Calcium chloride 

2 C 2 H 4 O a + Na 2 C0 3 = 2 NaC 2 H 3 2 + H 2 + C0 2 

Sodmin caibonate Sodium acetate 

= KaHS0 4 -I- C a H 4 O s . 

Sodium hydrogen sulphate 
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Exp 257. Take a small retort, place in it about 5 or 10 gms of 
calcium or sodium acetate , covei it \vith stiong sulphuric acid , heat 
caiefully (Fig 83), and collect thepiocluet. it la a pungent-smelling 
Injun]. Test it with litmus. 

456 Vinegar When beer or wrae turns sour, the 
alcohol present is converted into acetic acid and vinegar 
is produced- The change is brought about by the action 
of the vinegar plant, Bacterium aceti, a fungus which is 
present in the air, and which is able to cause the oxygen 
of the air to oxidise alcohol into acetic acid. 




FIG 83. 

Vinegar is made on the large scale by allowing dilute 
spirit either fermented malt liquor or poor wine to 
run slowly over faggots which have been impregnated 
with vinegar from a previous (similar) operation The 
faggots are contained in a large cask between two 
perforated discs placed respectively a short distance 
from the top and bottom of the cask. Air is admitted 
through a ring of holes just above the lower disc, and 
the unused air (chiefly nitrogen) passes out through an 
opening in the top of the cask. As the dilute spirit 
descends through the cask it becomes converted into 
vinegar tinder the influence of the active fungus present 
in the vinegar with which the faggots were impregnated. 
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457. Properties of Acetic Acid Pure acetic acid is a 
colouiless liquid of specific gravity 1 055. It blisters the 
skin and has a characteristic pungent smell, which, 
on dilution, is hkft that of vinegar. When cooled by 
immersion in a freezing mixture acetic acid freezes to a 
colourless crystalline substance, melting at 165 , and 
called glacial acetic acid. Acetic acid boils at 118 0., 
and the density of its vapour has the peculiarity of being 
nearly twice as great just above its boiling-point as at 
higher tempei aturos ; it has been supposed that it has a 
higher molecular weight at low temperatures than at 
high ones. Each molecule at the lower tempei ature 
may, perhaps, be repiesented by (CgH^O^, It acts as 
a solveut for many bodies which are insoluble in water, 
e (j sulphur and phosphorus. 

Exp 258 Apply a light to somo acetic acid m a basin it does not 
bum Heat tlio babiu and apply a light to the boiling acid , its vapour 
now bums. 

Chlorine acts upon acetic acid and substitutes three 
chlonne for thiee hydrogen atoms in succession, producing 
tluve different compounds, monochloracetic, dichloracetic, 
and tiichloracetic acids, which possess properties very 
similar to those of acetic acid itself The fonnation 
of those compounds is represented by the following 
equations 

2 II 4 2 + Ola - O a H 8 010 a + HOI. 

Acetic acid Monocliloracctic acid 

C 2 H 8 C10 2 + C1 2 = C 2 H 2 C1 2 2 + HOI. 

Dichloiacetic acid. 

0^,01,0, + 01 2 = 2 HC1 2 2 + HC1. 

Tnchloracetic acid. 

Hydrochloric acid and sulphuric acid have no action 
on acetic acid, nor have nitric acid, chromic acid or 
oxidising agents generally, but an alkaline solution of 
potassium permanganate is able to oxidise it (to oxalic 
acid). Phosphorus pentachloride acts on acetic acid, 
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substituting one chlorine atom for hydioxyl, and forming 
acetyl chloride, 2 H 3 * 01, a fuming liquid 

C 2 H 4 2 + P01 5 = C 2 H 3 01 + POC1 3 + HOI. 

458. Acetates. The most characteristic compounds of ' 
acetic acid are its salts, prepared by the direct reaction 
between the acid and ba^es or basic oxides Acetic acid 
is a monobasic acid, i e. it only contains one atom of 
replaceable hydrogen per molecule. All its noimal salts 
are soluble in water, but they are frequently decomposed 
by boiling water and give precipitates of basic salts 

Exp 259 Neutralise some acetic acid with soda and crystallise out 
the sodium acetate , dissolve litharge or lead caibonate in moderately 
stiong acetic acid and crystallise out lead acetate (sugar of lead) , add 
a solution of acetate of soda to feme chlonde . a led solution ot feme 
acetate, Fe(C 2 H 3 2 ).} } is seen Neutialise and boil this, and a brown 
precipitate of basic feme acetate, Fe(OH) 2 C 2 IIj0 2l comes down 



2C 2 H 4 2 + PbO =Pb(C 2 irA) 2 +H a O 

Litharge. Lead acetate. 

2 C 2 H 4 2 + PbC0 3 = Pb(0 3 H 3 2 ) 2 4- II 3 + C0 2 . 

Lead carbonate 

3 NaC a TI 3 O a + FeCl 3 = Fe(C 2 H 3 2 ) 3 + 3 NaCl. 
Sodium acetate Feuic ehlonde Feme acetate 

Fe(C 2 H 3 2 ) 3 + 2 II OH = Fe(OH) 2 C 2 H a 2 + 2 C 2 H A 
Bab ic feme acotate 

459 Constitution of Acetic Acid. We have now suffi- 
cient data to decide on the formula of acetic acid, and 
so arrange it thus 

CH 3 C0 2 H, or CH 3 GOOH. 

This formula embodies the following facts 
(i.) One atom of hydrogen (that m the COOH group) 
is replaceable by metals and one hydroxyl group by 
chlorine under the action of phosphorus pentachloride. 

(u) Three hydrogen atoms (those in the OH 3 group) 
are different from the other one, and can be replaced by 
chlorine without destroying the acid characters of the 
body, 
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(iii) Acetic acid is closely related to aldehyde (0 2 TI 4 0) 
and alcohol (C 2 H 5 OH), from which it is formed by 
oxidation 

The group of atoms C0 2 H or CO OH is characteristic 
of organic acids, and is called cwboxyl. 

460. Oxalic Acid, C^H^ + 2 H a O Preparation. 
When sorrel or rhubaib juice is evaporated a crystalline 
salt is foimed, which is decomposed on heating, leaving 
potassium carbonate behind and forming carbon monoxide 
and carbon dioxide. This suggests the presence of a 
salt of potassium with an organic acid ; so we must try 
to prepare the acid by precipitating the potassium salt 
as a lead salt by the addition of lead acetate, and then 
precipitating the lead as lead sulphide 'by sulphuretted 
hydrogen. 

Exp. 260. Dissolve 10 or 15 gms. of salt of sorrel in water , add a 
solution of lead acetate ; fillet the piecipitate and wash it well ; sus- 
pend the precipitate in water and pass msulpliuietted hydrogen, when 
all the lead is piecipitated as lead sulphide, filtoi and evapoiate the 
filtrate : ciystals separate out. 

The crystals so obtained dissolve in water, producing a 
solution which turns blue litmus red and forms salts and 
water by the action of bases , they consist of an acid, 
oxalic acid, H 2 C 2 4 , combined with two molecules of 
water of crystallisation, and are represented by the 
formula H 2 C 2 4 + 2 H 2 0. 

The following equations represent the reactions in- 
volved in the preparation of the acid as described 
above 

KHC 2 4 , H 2 C 2 4 + 2 Pb(OH 3 C00) 2 - 2 PbC 2 4 

Salt of sorrel. Lead acetate Lead oxalate 

+ CH 3 COOK + 3 CH 3 COOH. 

Potassium acetate Acetic acid. 

PbC 2 4 + H 2 8 = PbS + H 2 C 2 4 . 

Lead oxalate Sulpluuutted Load sulphide. Oxalic acid, 
hydrogen. 
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Oxalic acid is also produced "by tho action of nitric acid 
on carbohydrates such as siigar and wood iibie 

Exp 281 Warm some sugar with nitric acid in a small Husk, 
\vhon the action becomes vigorous remote tho flame. Aftci a time 
crystals of oxalic acid separate out , recryst tlfise them from wutcr. 

461. Manufacture of Oxalic Acid Oxalic acid is manu- 
facfcuiod by the action of hot caustic soda on sawdu&t or 
other forms of woody tissue. The mixture is heated on 
iion plates when sodium oxalate (Na a G 2 4 ) is formed. 
Tins la dissolved in hot water and conveited into inso- 
luble calcium oxalate (CaC 2 ; ) by the action of lime. 
The calcium salt is filtered off and decomposed by sul- 
phuric acid, when calcium sulphate and oxalic acid are 
produced. The calcium sulphate is filtered off, and the 
nitrate evaporated when crystals of oxalic acid separate 
out. 

Na a C 2 O t + Ca (OH) 2 - CaO a 4 + 2 NaOH. 

Sodium o\alate Calciiuu oxalate 

Ca0 2 4 + H 2 S0 4 = OttS0 4 + H 2 2 4 . 

Oxalic acid 

462 Properties of Oxalic Acid. Oxalic acid is a 
fairly strong acid possessing very poisonous properties. 
It dissolves metallic oxides without rapidly acting on 
the metal, and so is used m cleaning tarnished metallic 
surfaces. Oxalic acid is a dibasic acid, i. e it forms 
two series of salts, the normal and the acid } these are 
represented in tho case of the potassium salts by the 
f 01 mula 

K 2 2 4 ' H 2 and KH0 2 4 H 2 0. 

Normal polasbium oblate Acid potassium oxalate. 

Exp. 262 Make a strong solution of oxalic acid, measure any 
volume, say 10 c c., and ald caustic potash solution fiom a measuring 
glass or buiette till it ib nuutial to litmus paper. Now add the same 
volume of caustic potash solution to 20 c. c. of the acid Evaporate 
both solutions and civstalhse out the salts. Piove that one is acid, 
the other neutral, and also that they contain different percentages of 
potash "by igniting equal weights of each in ciucibles and weighing the 
residues Oxalic acid forms two diftorent salts with potash, and is 
theiefore dibasic. 
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Since it is found that, as a geueial rule, the basicity 
of an 01 game acid depends upon the number of caiboxyl 
groups it contains we may infer that oxalic acid contains 
two of these groups ; the formula of the anhydrous acid 
may therefore be represented (JO OH COOH, and of the 
hydrated acid, COOH COOH + 2 H 2 0. 

Oxalic acid also forms salts composed of one molecule 
of the acid oxalate of an alkali metal and one molecule 
of oxalic acid; such salts are called quadroxalates, and 
of these potassium quadroxalate or salt of sorrel (albo 
called salt of lemon), KHC 2 4 , H 2 C 2 4 + 2 H 2 0, is the 
best example. 

A large number of oxalates are known of which the 
most useful and charactenstic are those of potassium 
and sodium already referred to, and calcium oxalate, 
CaC 2 4 , which is insoluble in acetic acid, but soluble 
in hydrochloric acid 

Chlorine, hydrochloric acid, and nitric acid have no 
action on oxalic acid, but it is readily oxidised to 
carbon dioxide and water by potassium permanganate 
or manganese dioxide and dilute sulphuric acid. 

Exp 263 Take a solution of oxalic acid, add a little dilute sulphunc 
acid, and warm it to 60 ; run in a few c c. of potassium permanganate 
solution : this salt is decoloused, and bubbles of a gas aie given oif, 
which is pioved to be carbon dioxide by lime watci. Repeat the ex- 
penment, using manganese dioxide instead of putas&mmpeimangauate * 
the manganese dioxide dissolves, and the oxalic acid is again oxidised 
to caibon dioxide and water In each case mangaiions sulphate should 
be proved to be in the solution. 

The equations representing the reactions which take 
place are 

2 KMn0 4 + 5 H 2 C 2 4 + 4H 2 S0 4 = 2 KHS0 4 + 2 MnS0 4 . 

Potassium per- Acid potas- Manganous 

manganate smin bulpliate. sulphate 

+ 8 H 2 + 10 C0 2 , 
Mn0 2 + H 2 C 2 4 + H 2 S0 4 = MnS0 4 + 2 H 2 + 2 C0 2 . 

Manganese 
dioxide. 

Heat decomposes oxalic acidj the acid first splits off 

M. CHEM. K K 
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thu water of crystallisation and then decomposes further 
into formic acid (H a C0 2 ) and carbon dioxide 

H 2 C 2 4 = H 2 C0 2 + CO, 

Pait of the formic acid breaks up further into carbon 
monoxide and water. 

H 2 C0 2 = CO + H 2 0. 

Some of the anhydrous oxalic acid, however, sublimes 
unchanged Hot, strong sulphuric acid breaks oxalic 
acid up completely into water (absorbed by the sulphiuic 
acid), carbon monoxide and carbon dioxide. 

H 2 C 2 4 = H 2 + C0 2 + CO. 

Oxalic acid is used to remove black ink stains and 
iron-moulds; salts of lemon is also employed for the 
same purpose. 

463. Tartaric Acid, C 4 H 6 6 Preparation. When the 
juice of ripe succulent fruits is evaporated crystals gener- 
ally separate, mixed with sugar. The crystals dissolve 
in water, and may be purified by recrystallisation in 
presence of dilute sulphuric acid, or of carbonic acid, or 
of alcohol, which makes the crystals less soluble. The 
aqueous solution of these crystals turns blue litmus red 
and neutralises bases; the crystals, therefore, consist of 
an acid which is called tartanc acid. 

In the natural fermentation of grape juice, carbon 
dioxide and alcohol are formed, which cause the precipi- 
tation of an insoluble crystalline substance called argol 
which yields potassium carbonate on ignition. The argol 
is recrystallised, and forms cream of tartar When heated 
it chars and forms potassium carbonate , so it appears 
probable that the original-tartar is a potassium salt of an 
organic acid. 

To test this perform the following experiment 

Exp 264. Dissolve some cream of tartar in water, and add lead 
acetate Filter off the white precipitate which is produced, suspend 
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it in water and pass in bulphuiotted hydiogen foi some time ITiltr 
off the black pruupitato of lead sulphide winch ie*>ults, coiicentuite the 
filtiate and allow to cool Crystals will sepaiate out \\hich \\lien 
dissolved in water turn blue litmus led; they consist of taitauc acid 

The explanation of the changes brought about in the 
Expenment just described is as follows Cream of 
tartar consists of acid potassium tartrate, KH0 4 H 4 O b ; 
this on treatment with lead acetate yields a white preci- 
pitate of lead tartrate according to the equation 

KHC 4 H 4 6 + Pb(OH 3 COO) 2 = PbC,H 4 6 + 

Acid potassium tartrate. Lead "tarti ate 

CH 3 - COOK + CH 3 - COOH. 

The lead tarfcrate is decomposed by sulphuretted hy- 
drogen with formation of tartanc acid which dissolves 
and lead sulphide which is precipitated 

PbC 4 H,0 6 + H 2 S = PbS + C 4 H 6 6 . 

Luart sulplude Tartanc acid 

464 Manufacture of Tartaric Acid, On the large scale 
tartar] c acid is manufactured from cream of tartar in the 
following manner , The cream of tartar is dissolved in 
water and boiled with chalk, when the following change 
takes place 

2 KBI0 4 H 4 6 + CaC0 3 - Oa0 4 H 4 O fl + K 2 C t H t 6 + C0 2 

Calcium tartrute Nbinul potassium 
tartiate 

+ H 2 0. 

Calcium tartrate, being insoluble, is precipitated while 
normal potassium tartrate remains in solution. The calcium 
salt is filtered off and calcium chlonde added to the nitrate \ 
this converts potassium tartrate into calcium tartrate which 
is precipitated, and potassium chloride goes into solution. 

K 2 C 4 H 4 6 + CaCl 2 = CaC 4 H 4 6 + 2 KOL 

The precipitate is again separated by filtration, and the 
two precipitates are washed with water to remove soluble 
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salts. The calcium tartrate is next treated with the 
calculated quantity of dilute sulphuric acid required for its 
decomposition according to the equation 

OaC 4 H 4 6 + H 2 S0 4 = CaS# 4 + 4 H 6 6 

Calcium sulphate Tartaric acid 

Insoluble calcium sulphate is precipitated and tartaric 
acid goes into solution. On filtering, evaporating the 
filtrate, and cooling, crystals of tartaric acid separate out. 

465. Constitution and Properties of Tartaric Acid. 
Tartaric acid forms two series of salts, and two only, with 
different amounts of caustic potash solution j so that it is 
probably a dibasic acid, containing two carboxyl groups. 
It is acted on by hydrobromic acid with the substitution of 
two bromine atoms for two hydroxyl groups; so that it 
probably contains two basic hydroxyl groups as well. The 
best way in which a formula can be arranged to agree with 
these facts is 

(OHOHV (OOOH) 2 , or OOOH OHOH - CHOH COOH 

The presence of so many hydroxyl groups is accompanied 
by instability under the action of heat, sulphuric acid, and 
oxidising agents, even silver salts being reduced by the 
acid. 

E&p 265. (i.) Heat some ciystals of taitaue acid alone ami with 
concentrated sulphuric acid, and notice the decomposition pioducts; 
they consist of free caihon, caibon monoxide, caibon dioxide and 
sulplmr dioxide 

(n ) Shake up a silver solution with ammonia and potash as in 
Exp 254, and add some cream of tartar solution ; warm and ohserve 
the silver mirror. 

The two tartrates of potassium are of interest, the normal 
salt, 2 K 2 4 H 4 6 + H 2 0, being soluble, and the acid salt, 
cream of tartar, KHC 4 H 4 6 , being rather insoluble in water. 
Rochelle salt, a double tartrate of sodium and potassium, 
KETaC^H^Og + 4 H 2 0, is also useful on account of its 
solubility. 

As the acid is solid, the formation of tartrates by its 
means is of interest, 
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Exp. 266. Mix some crystals of diy tartnric acid with diy sodium 
carbonate or bicarbonate in a beakei , no action can be seen, and tlie 
an in the beaker may bo tested for caibon dioxide Now add a few 
drops of water a violent fizzing is noticed, and carbon dioxide is 
given off, test it. 

Tims, when substances are not in chemical contact they 
do not react ; water brings about contact. This property 
is utilised in the manufactuie of effervescing salts and 
baking powder. 

The tartrates of the heavy metals are interesting, as they 
are insoluble in water, but soluble in cream of tartar 
solution, with formation of soluble double tartiates These 
double tartrates are also soluble in excess of alkali ; so that 
they prevent the precipitation of these metals by alkalies. 

Use is made of this pioperty in making up an alkaline 
solution of a copper salt, FeJdingfs solution, and also soluble 
preparations of iron and of antimony , tartar emetic, for 
example, is obtained by dissolving antimony oxide (Sb 4 6 ) 
in cream of tartar. 

Exp 267. (i.) To a very stiong solution of potassium salt add a 
solution of taitanc acid, and nib the inside of the containing vessel 
with a glass lod the insoluble acid salt, hydiogen potassium tartrate 
(cream of taitar), sepaiates out 

(u.) To a solution of feme chlonde add tartaiic acid in excess, and 
then add excess of ammonia solution the solution turns blown, but 
no precipitate of feme hydi oxide i* foinied. 

(m.) To a solution of coppei sulphate add Rocliello salt and then 
caustic potash m excess , no piccipitate appeals even on boiling, 
though the solution turns to the blue colour cliaiaeteiistic of alkaline 
solutions of coppei. 



SECTION III. 
OTHER COMMON ORGANIC SUBSTANCES. 

466 Benzene, 6 tI G , a most important substance from a 
chemical point of view, and one also which finds some 
applications in the arts, is obtained by the fractional 
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distillation of coal-tar, which contains besides benzene a 
great number of other benzene derivatives, The first 
fraction known as "light-oil/' and boiling tip to 150, 
contains piactically all the benzene. This is subjected to 
further f ractionation, and tolerably pure benzene is obtained. 
Benzene is a colourless, mobile liquid with a characteristic 
smell (which reminds one of an escape of gas). It is lighter 
than water, with which it will not mix. It is highly 
inflammable and burns with a white, smoky flame. It is a 
useful solvent for resins, fats, sulphur, phosphorus, india- 
rubber, etc It is used for removing grease-stains from 
clothing. Benzine, with which it may be confounded, is 
quite a different substance This latter is one of the lower 
boiling fractions obtained in the distillation of crude 
petroleum or rock oil. It is used in the preparation of 
burning oils. It is not by any means a simple substance, 
but contains many bodies of quite a different class chemically 
from benzene. 

467. Carbolic Acid, phenol, C 6 H 6 0, is a colourless 
crystalline substance melting at 42 C. It is only sparingly 
soluble in cold water, but dissolves more readily in hot 
water. On exposure to the air it gradually turns pink 
Carbolic acid possesses powerful antiseptic properties and is 
much used as a disinfectant. It is a powerful poison. It 
has a slightly acid reaction. If just neutralised with caustic 
soda, and ferric chloride added, a violet coloration is pro- 
duced. This together with its characteristic smell would 
serve as a means of distinguishing it from other common 
substances. 

468. HydrocLuinone, C 6 H 6 2 , is a colourless crystalline 
substance soluble in water. It is used as a developer in 
photography. On warming with ferric chloride it is 
converted into its oxidation product quinone, which 
forms yellow crystals on the sides of the test-tube and 
which may be recognised also by their characteristic 
odour. 
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469. Pyrogallic Acid,* pyrogallol, C 6 H fa 3 , is similar in 
appearance and properties to hydroquinone, and is also used 
as a photographic developer. Its solution in caustic soda 
readily absorbs oxygen from the air and turns brown. It 
is therefore used tor the estimation of oxygen in gas 
analysis. It gives a red colour with solution of ferric 
chloride. 

470. Tannin, Tannic Acid, is a colourless, amorphous 
substance readily soluble in water. It is obtained from 
the bark of trees and from gall-nuts. Tannin is extensively 
used in the process of tanning. This consists in dipping 
the skin of an animal in a solution of tannin j the skin 
becomes much tougher, forming a compound with the 
tannin which constitutes leather. Tannin possesses the 
property of forming insoluble coloured compounds with 
many dye stuffs, and is therefore largely employed as a 
mordant. A third important application of tannin is in 
the manufacture of ink j this is obtained as a deep blue 
solution on adding ferric chloride to an aqueous solution of 
tannin, This reaction serves as a test for tannin. 

471. Solvent Naphtha, or Burning Naphtha, is a 
colourless liquid consisting of a mixture of hydrocarbons 
xylene, etc., and is obtained from coal-tar. It constitutes 
the fraction of coal-tar which boils between 140 0. and 
170 0. . 

Creosote Oil is that fraction of coal-tar which boils 
between 230 0, and 270 0. It consists of a mixture of 
carbolic acid, cresol (a substance closely resembling carbolic 
acid), naphthalene, and anthracene. It is largely employed 
for preserving timber, e. g. the sleepers on railways, on 
account of its antiseptic properties. 

* These three bodies, carbolic acid, hydroqumone, and pyrogallol, 
are all closely related to benzene. They are, in fact, hydroxy-benzenes, 
and their constitutional formulae are as follows, benzene being given 
also for the purpose of comparison Benzene 

Caibohc acid G 6 H 5 (OH) C fl H 5 (H) 

Hyclroqumone C 6 H 4 (OH) a 6 H 4 (H) a 

Uol 6 H 3 (OH) 8 O fl H 3 (H), 
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QUESTIONS. CHAPTER XXXTIL 
SECTION I. 

1. Give an account of the preparation of pure alcohol 

from grape sugar Give experiments which show 
that it may be considered to be a base. 

2. Describe the process by which beer is manufactured. 

3 Describe the more important reactions between alcohol 

and sulphuric ncid 3 and compare the products 

4 State the chief physical and chemical properties of 

alcohol. 



SECTION II 

1. Describe a method of oxidising alcohol and separating 

acetic acid from the product. 

2. Describe the preparation of pure acetic acid from the 

acid obtained by the destructive distillation of wood. 

3. How is vinegar manufactured 1 How would you prove 

that vinegar contains the same acid as that prepared 
by the oxidation of alcohol ' 

4. Write a short account of the properties of acetic acid. 

5. Describe the preparation of oxalic acid from salt of 

sorrel. What is the action of sulphuric acid on 
oxalic acid 2 

6. How is oxalic acid manufactured ? How would you 

prove experimentally that it is a dibasic acid 1 

7. Write a short account of the salts of acetic and oxalic 

acids. 

8. In what forms do oxalic and tartaric acids occur in 

nature 9 Eor what purposes are these acids employed *? 

9. What is argol? How would you proceed to prepare 

tartaric acid from it? 
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10. How Is tartaric acid manufactured *? What experiments 

would you perform in order to find its basicity, and 
what result would you arrive at ? 

11. What happens^when tartaric acid is (1) heated with 

strong sulphuric acid ; (2) added to a strong solution 
of a potassium salt? What are Rochelle salt and 
cream of tartar? 



SECTION III. 

1. What is benzene? Give some account of its properties 
and uses. How does it differ from benzine ? 

2 Indicate briefly the properties and uses of carbolic acid, 
creosote oil, and tannin, 
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ANSWERS TO QUESTIONS. 

Chap. xiii. 3 2 vols. of hydrogen 

}J 6.11 205 grammes of hydrogen 

88 '795 grammes of oxygen. 
9, 161 C. 
10. 3195C. 
12. 41 3 grms. 

13 1000, 33, 63600. 

16. 19 95 3 127-5. 
17 44975, 44-975, 1349-25. 

225 25, 22-525, 675-75 
18. 44-975 of C0 2 and 19'475 of O 3 , 
Chap, xvi, 6. 19 '6. 

7. 78-49, 0-68, 20-83. 
8. 22 97. 

Chap, xlx, 2. 56 60 c.c. 
Chap. xx. 21. Disodium hydrogen phosphate, Na 

88-75 grms. 
Chap. xxi. 2. 4399 tons. 
22. 0'57 per cent. 

23. 1146-7 c.c. 

24 30 c.c. 20 c.c. 

25. 60 c.c. of oxygen. 

26. 85 c.c, 

55 c.c. of oxygen , 20 c.c. of carbon 

dioxide; 10 c.c. of water vapour. 
Chap, aodi. 13. 8550 c c , 2020 c.c. 
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ANSWERS TO CHEMICAL CALCULATIONS IN 
CHAPTER XXVII. 



1. 91. 

2. 293 : 253. 

3 50c,c.,909c.c.,1409c.c. 

4 2090 cc ,418 c.c, 104-5 

c c., 38 c c, 

5. 441 cc. 

6. 129 7 c.c. 

7. 488mm. 

8. 273 0. 

9. 3,947 atmospheres. 

10. 6,888 atmospheres. 

11. 571-4 c.c. 

12. 152 2grammes; 65 7 c.c. 

13. 73 9 c.c ; 180 4 grammes. 

14. Oa = 40 per cent. 
0-12 

= 48 
44 per cent. 

15. H 7 -44 per cent. 

01 = 33 02 
O = 59 54 

16 FeS 2 

17 Fe 3 4 . 

18. Na 6 P 4 18 - 

19 465 '7 grammes. 

20. 81-8 cc. 

21. 4 852 grammes. 
22 17 91 litres. 

23, 2 '446 grammes. 

24. 72 litres; 142-6 grins. 



25. Oxygen,23,Oxygen,20-7. 
Nitrogen, 77 ; Nitrogen, 

793. 

26. Hydrogen, 1M. 
Oxygen, 88-9. 

27. 4-622 litres. 

28. (a) N = 7-5 c.c. 

H = 22-5 c.c. 
= 40-0 c c. 
(b) N = 7-5 c.c. 
= 28-75 c.c. 

29. Oxygen = 3-73 c.c. 
Carbon dioxide = 16-36 

c.c. 

30. Oxygen = 0-37 c.c. 
Carbon dioxide = 163 '6 

c.c. 

31. 3-534 per cent. 

32. 61-023 j 28-317. 

33. 42-1 per cent. 
0-157 litre. 

34. 180 c.c. ; 140 c.c. 

35. 14-18 grammes. 

36. 100 c.c, ; 0-072 gramme. 

37. 29 per cent. 

38. 252-0 kilogrammes. 

39. Nitrogen, 79 -00 per cent. 
Oxygen, 1888 
Carbon 1 2 12 

dioxide, / " 



APPENDIX I. 

THE METRIC SYSTEM OF WEIGHTS AND MEASURES. 

THE metric system has been found the most convenient 
for operations in which weighing and measuring are 
concerned, and it is universally used in scientific work, 

The unit of length in this system is the metre, which is 
equivalent to 39 37 inches. 

The unit of volume is that of a cube whose side is T ^ of 
a metre, equivalent to very nearly one-sixteenth of a cubic 
inch, and the unit of weight is the weight of this volume of 
water, the temperature being that at which water has its 
maximum density, viz, 4 C, This weight is termed the 
gramme, and is equivalent to 15 432 grains. 

The prefix kilo indicates the multiple 1,000, thus 

1 kilogramme = 1,000 grammes = 15,432 grains = 
about 2 2 Ibs. 

The prefixes deci, centi, and milh respectively indicate 
the fractional parts ^ yj-g- and 



1 decimetre = $ metre = 3 937 inches, 
1 centimetre - -^ = 0'3937 
1 millimetre = T ^ = 0-03937 
One inch is thus slightly more than 25 millimetres. 
1 decigramme = -^ gramme = 1-5432 grains. 
1 centigramme = -^ =0 15432 
1 milligramme = -^^ = 0'015432 



A measure of volume very frequently employed is the 
litre, which is the volume occupied by a kilogramme of 
water at 4 0. , it is therefore equivalent to a cubic deci- 
metre, or, in English measure, 61 027 cubic inches, 
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APPENDIX II. 

TABLES FOR REDUCTION OF MOIST GAS TO STANDARD 
CONDITIONS. 

THE volume of a moist gas having been measured at a 
given temperature and pressure it is necessary to first find 
what volume the dry gas would occupy at 0. and 7GO 
iinii, pressure. Allowance must "be made (soo Chaps, VIII, 
XIII)- 

(a) for the temperature of the gas (i e. of the room) ; 
(i) for the pressure to which it is subject (that of the 

atmosphere at the time of the experiment) ; 
(c) the tension of water-vapour. 

This involves a somewhat complex calculation, and a 
table has therefore been drawn up to enable the student 
to make the correction by using the factor given m the 
table. 

Thus suppose the temperature of the laboratory to be 
10 C. and the atmospheric pressure 740 m m. ; the tension 
of aqueous vapour with which the gas is saturated is for 
10 C., 9*1 mm. Now if v is the volume of the moist gas 
as observed, then V the volume of the dry gas at C, and 
760 mm. pressure is given by the expression 

^ v x 273 x (740 - 9-1) 
- - - 



To deduce the volume of the dry gas at standard 
temperature and pressure from the observed volume it is 
therefore only necessary to multiply this latter by the factor 
928 as taken from the table, and so for any other 
temperature or pressure. 
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510 TABLES FOR BEDUGTION OP MOIST GA*S. 

10 0. 12 C 14 C 16 18C. 20 C. 



Pressure. 














730 mm. 


0-915 


0907 


0899 


0891 


0882 


0874 


740 mm. 


0928 


0920 


0-911 


0-903 


0895 


OS86 


750 mm. 


0940 


0932 


0-924 


0915 


0907 


0898 


760 mm. 


0-953 


0945 


0-936 


0-928 


0919 


0910 


770 mm. 


0'966 


0957 


0-949 


0940 


0932 


0923 



For intermediate temperatures or pressures, the value 
may be expressed with sufficient accuracy by taking the 
proportional mean; e.g. for 10 C, and 745 mm. we shall 
find 0-934, and for 11 C. and 750 mm. we shall find 936. 

If we desire to know the weight of the hydrogen 
liberated, the following table may be used. Taking the 
weight of a litre of dry hydrogen under standard conditions 
as 0*09 gramme the table gives the weight of hydrogen 
in a litre of the moist gas collected at the temperature and 
pressure given. 

10 C. 12 0. 14 0. 16 0. 18 0. 20 0. 



Pressure. 














730 mm. 


0-0824 


00816 


00809 


00802 


00794 


00787 


740 mm. 


00835 


00828 


00820 


00813 


00806 


00798 


750 mm. 


00846 


00839 


00832 


00824 


00816 


00808 


760 mm. 


0-0858 


00851 


0-0843 


00835 


00827 


00820 


770 mm. 


0-0869 


0-0861 


0-0854 


0-0846 


00839 


00831 



An example will make the method of using the table 
quite clear: 

Thermometer 16 0. 

Barometer 750 mm. 
Observed volume of gas, 120 c.c. 
The factor under 16 0. and 750 mm. is 0824. 

0-0824 x 120 
Weight of hydrogen = 1~000 ^ 8 gramme. 



APPENDIX III. 

SUBSTANCES IN COMMON USE IN THE LABORATORY, 

Asbestus is a white fibrous variety of the mineral horn- 
blende, which consists of calcium, magnesium and iron 
(ferrous) silicates. 

Fehlmg's Solution is prepared by dissolving copper 
sulphate and Rochelle salt m water and then adding caustic 
sodd to render the solution alkaline. 

Litmus is a blue colouring matter which occurs in certain 
lichens such as Eocella and Vanolaria. The colour is 
changed to red by acids, but is restored by alkalies. 

Microcosmic Salt is sodium ammonium hydrogen phos- 
phate, NaNH 4 HP0 4 . It is a colourless salt prepared by 
the action of ammonium chloride on common sodium 
phosphate. 

Nessler's Reagent isprepaied by adding potassium iodide 
solution to mercuric chloride till the precipitate of mercuric 
iodide first formed just dissolves in excess of the potassium 
iodide (forming the soluble compound HgI 2 ' 2 KI), and then 
rendering the solution alkaline by the addition of caustic 
potash. 

Turmeric is the root of a plant found in the East Indies, 
It contains a yellow colouring matter which is turned 
brown by acids. 



APPENDIX IV. 

COMMON POISONS AND THEIR ANTIDOTES. 

IN choosing an antidote for a poison, the object is 
generally to find some substance which will form an 
insoluble compound with the poison and so prevent its 
absorption into the system. For example, in case of lead 
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poisoning, a soluble sulphate such as alum or Glauber's salt 
should be administered } this results m the formation of 
insoluble lead sulphate. In the case of strong acids, however, 
the free acids must be neutralised, so such substances as 
cashing soda or magnesia are used, thGugh the compounds 
produced are soluble 

The following is a list of the poisons commonly met with, 
and the antidotes usually employed for each of them : 



Poison. 



Hydiochlonc acid . 
Sulphuric acid 
Nitnc acid . , . 
Oxalic acid 

Salt of sorrel (or lemon) 
Prussic acid . . . 



Arsenic compounds 
Antimony compounds . 

Meicuiy compounds (c g 

con osi ve sublimate) 
Lead compounds . 

Barium compounds 
Copper compounds . 



Zmc compounds 
Tin compounds 
Strychnine . 
Moiplime 
Opium 
Laudanum 



Antidotes. 



Magnesia and water, or washing soda. 



Chalk and watei (insoluble calcium oxalate 
formed). 

J> J 59 

Ferrous sulphate, feme chlonde and wash- 
ing soda Insoluble Prussian blue is 
formed. Magnesia may be used instead 
of washing soda 

Ferric hydroxide (insoluble ferrous ai senate 
foimed). 

Tannic acid (infusion of tea) or ferric 
hydroxide. 

White of egg, 

Glaubei's salt, Epsom salts or ahim (in- 
soluble lead sulphate foimed). 

Glauber's salt, Epsom salts or alum (in- 
soluble barium sulphate formed) 

White of egg, potassium ferrocyanide (in- 
soluble copper ferrocyanide formed), or 
iron filings (copper precipitated in the 
metallic state). 

"Washing soda followed by white of egg. 

White of egg, or ammonium carbonate. 

Tannic acid (infusion of tea). 
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ioucation, etc. 

Principles and Methods of Teaching By J WELTON, M A , Pio 
fessor of Education in the University of Leeds Second Edition^ 
Revised and Enlarged 5s. Cd. 

'*A \\ellwufcten and full pie&entation of the best educational methods of the 
time Not only to college (student, "but to bkilled and experienced piactitionei, \vo 
commend tins suges>ti"v e and very helpful volume " SrfioolvKt&tM 



The Teaching of Foreign Languages Being the concluding 
chapter of Principle* and Methods ojt Teadwny By F. B. 
K.IEKMAN, B.A. Is. 

Principles and Methods of Moral Training with special reference 
to School Discipline By Proiessoi JAMES WELTON, M A , 

and F G BLANDFORD, M A , Lectuier m Education at the 
Cambridge Umveisity Training College. 3s. 6d 

"A succinct and well-icaboned exposition, both theoietical and piactical, of the 
ethics of school discipline " Scotsman 

Principles and Methods of Physical Education and Hygiene By 
W. P. WELPTON, B So., Master of Method in the University 
of Leeds. With a Sketch of the History of Physical Education 
by Professor WELTON. 4s 6d 
" A compiehensive scientific text book "The Times* 

School Hygiene. By R A. LYSTEE, M D., B So., DP.H, Chief 
Medical Qfficei to the Education Committee of the Hampshire 
County Council. Second Edition. 3s. 6d. 
" The bebt book of its kind " B, itiji Medical Jouinal 

School Organisation By S E BRAY, M.A., Inspector of Schools 

to the London County Council 2s 
" We can heaitily lecommend the tieatise." Journal of Edu,ca,ti<m 

The Aims and Methods of Nature Study. A Guide for Teachers. 
By JOHN RENNIE, D Sc , F.R S E , Lecturer m Natural 
History m the University of Aberdeen, and Lectuier in 
Nature Study at the Aberdeen Provincial Tiainmg Centre 
With an Introduction by J. ARTHUR THOMSON, M A , Pro- 
fessor of Natuial History in the University of Abeideen 
3s 6d. 

Voice Training m Speech and Song. By H H. HULBERT, M A , 
M.B C S , L R.C.P. Is. 6d 

" It mil pay any teachei to get this book and read it caiefully "Schoolmaster 

The Science of Speech. An Elementary Manual oJt English 

Phonetics for Teachers. By B BTJMVILLE, M.A. 2s 6d. 
"A concise, accmate, and mtei eating little manual " 
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flDatbematics anb flDecbanics* 

Algebra, The Tutorial ADVANCED COURSE By WM BRIGGS, 
LL D , M A , B So , and G H BRYAN, So D,, F R S. 6s. 6d 

A higher text-book of Algebra in which the more elementary 
properties of quadiatic equations and progressions are assumed. 
"It is thioiighout an admirable woik "Jow nal of Education. 

Algebra, The New Matriculation With a Section on Graphs. By - 
B DEAKIN, M A , late Headmaster of Stoui budge Grammai 
School Fourth Edition. 3s Gd. 
" The scope and material of this "book ate comprehensive and full Clearness of 

idea and accuracy of work are insisted on " Schoolmaster 

Arithmetic, The Tutorial. By W P. WORKMAN, MA, B So 
Third Edition (With or without Answeis ) 4s. Gd 

A highei text-book of Arithmetic containing a very thorough 
treatment of: Arithmetical theory, with numerous typical examples 
"Takes fii&t place among our text-books in Anthmetic " School mastet 

Arithmetic, The School An edition of the Tutorial Arithmetic for 
school use By W P. WORKMAN, M.A , B So Second 
^Edition (With or without Answers.) In one vol , 3s. 6d. 
Part 1 , 2s. Part II , 2s. 
"The best Anthmetic foi schools on the market " Mathematical Gazette 

Arithmetic, The Junior Adapted from the Tutorial Arithmetic by 

B, H CHOPE, B A (With or without Answers.) 2s. 6d 
" Excellent " Educational Times 

Arithmetic, dive's New Shilling Edited by WM BRIGGS, LL D , 

M.A., B Sc Is. With Answers, Is 3d ANSWERS, 6d 
" These exeicises are well chosen and piogies&ive " StJioohnastei 

Arithmetic, The Primary Edited by WM BRIGGS, LL D , M. A , 
B Sc , F B. A S An Introductory Couise of Arithmetical 
Exercises In Thiee Parts Parts I. and II , each 6d, Pazt 
III , 9d. With Answeis, each Part Id extra 
"Thoroughly suited for ut.e in elementary schools geneially "School Guaidian 

Astronomy, Elementary Mathematical By C W C. BARLOW, 
M.A., B Sc , and G H BRYAN, Sc D , M A , F.B..S 6s. 6d 

Coordinate Geometry By J. H GRACE, MA., F.R S., and F 

ROSENBERG, M A , B Sc. 4s 6d 
An elementary treatment of the straight line, circle, and conic. 

Dynamics, The Tutorial. By WM BRIGGS, LL D , MA., B Sc., 
and G H BRYAN, Sc D , F B. S Second Edition 3s 6d. 
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/Ifeatbematics anb /lliecbairics continued 

Geometry, Theoretical and Practical. By W P WORKMAN, M A , 

B So , and A G CRACKNKLL, M A , B So , F C P 
PART I. Equivalent to Euclid, I , III (lQ), IV (1-9) 2s bd 
PART II Equivalent to Euclid II , III. (35 37), IV (10-16), VI. 

2s. 
PART III Equivalent to Euclid XI Is 6cl 

Tins woik is also published m two volumes under the titles 
Matriculation Geometry (Equivalent to Euclid I -IV ) 3s Gd 
Intermediate Geometry (Equivalent to Euclid VI , XI ) 2s (id. 
" One of the "be-st hooks on modem lines " Ojjoi d $fag<t~ine (Fait I ) 
" Sound and sensible throughout " JVafui e (Pait II ) 
" The tluee paitb now i&sued form an excellent woik " School Wot Id 



The School Geometry Being an edition of Geometry, Theoretical 

and Practical, Parts I and II., specially adapted for ordinary 
school use In one vol , 3s 6d. 

PART I Equivalent to Euclid I , III (1-34), IV. (1-9) 2s. 
PART II Equivalent to Euclid II , III (35-37), IV. (10-16), 

VI 2s. 

In the preparation of this work special consideration has been given 
to the lecommendations of the Board of Education on the Teaching of 
Geometi y in Cu cular 711 The original work, Geometry } Theoretical 
and Practical, can be used as a Teachers' Edition, if so desired. 

Introduction to the School Geometry Is. 

Specially written to meet the lequirements of the First and 
Second Stages of Geometry outlined in the Board of Education's 
Cnculai 711 

"The leputations of this seues, the authois, and the piess fiom which these 
books ,ue i^ued, aie a sufficient guarantee of then v.ilue. Excellent in eveiy 
ietpeot " School >na$tG) 

Graphs The Gtaphical Ropiesentatioii of Algebraic Functions, 
By G H FRENCH, M A , and G OsBOHN, M A., Mathematical 
Masters of the Leys School, Cambridge. Second Edition Is 6d 

Graphs, Matriculation. (Contained in The New Matriculation 
Algelia } By C H FRENCH, M A , and G OSBORN, M A Is 

Hydrostatics, Intermediate By WM BEIGGS, LL D , M A , B So., 
F R A S , and G H BRYAN, So D , F R S 3s 6d 

Hydrostatics, The Matriculation (Contained in Intermediate 
Hydrostatics } By Dr. BuiGGS and Dr. BRYAN. 2s 

Mechanics, The Matriculation, By Dr WM. BRIGGS and Dr. G. H. 
BRYAN Second Edition. 3s, bd, 
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an& /IBecbanics continued 

The Right Line and Circle (Coordinate Geometry). By DL 
and Dr. BRYAN Thud Edition 3s 6d 

Statics, The Tutorial By Di WM BrJGGS and Dr C4 H. 
BRYAN Tim d Edition 3s 6d 

Tables, Olive's Mathematical. Edited by A G- CRACKNELL, M A , 
BSc Is 6d 

Trigonometry, The Tutorial By WM BRTGGS, LL T) , M, A , B So , 
and G H BRYAN, Sc D , F B 8 Second Edition 3s Gtl 



Botany for Matriculation * By Professor F. CAVEHS, D So 
5s 6d Also in Two Parts Part I 3s 6d. Part II. 2s 6d 

This book is especially written to cover the lequirements of the 
London University Matriculation Syllabus in Botany 

"It Tvould not be easy to get a moie compiehensive account of the most ira- 
poitant facts i elating to plant life and the stiucfcural detaiK of the corumonei 
floweiing plants than this excellent manual contains " Education 

Plant Biology * An elementary Coiuse of Botany on modem lines 

By E Cavers, D Sc , F L S 3s 6d. 

" The freshness of tieatment, the piovision of exact instruction foi piactical work 
ically woith doing, and the consistent lecognition that a plant is a living thing, 
bhould secure foi Professor Cavers' book an instant welcome " School Wot Id 

Plants, Life Histories of Common.* An Introductoiy Course of 
Botany based on the study of types by both outdoor and mdooi 
experiment. By E CAVERS, D So., F L S 3s. 

"The author is to be congiatulated on the excellent featuies of his hook, winch 
may be summarised as a clear diction, a logical sequence, and a recognition of the 
essentials " Natui e 

Botany, A Text-Book of. By J. M. Lowsosr, B.Sc , F L S Fomtli 

Edition 6s 6d 

"It icpiesents the nearest appioach to the ideal botanical fcevt book that has yet 
been pioduced " Pharmaceutical Jomnal 

Zoology, A Text-Book of By H G WELLS, B Sc , and A M 

DAVIES, D.Sc Fifth Edition 6s 6d 

"It is one of the moat leliable and useful text books published " NiriMalMCs 
Quarterly Revtcw 

* A set of 41 luicioscopio shdod specially designed by Piofessoi CtVE^b, foi u&e 
with hih books ib supplied at 1 5s net. 
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The Tutorial Physics By R WALL VCE STEWAUT, D Sc , 
E OATCHPOOL, B So , J L WAGSTAFF, M A , W ft 
BOWEE, A R C So , and J SATTEIILY, ft A , B Sc In 6 Yols 

I Sound, Text-Book of By E CATCIIPOOL, B Sc Fifth Edition, 

Revised and JStUm yed 4s 6d 

"A full, philosophic T!, and decidedly original tieatment of this branch of 
physics " Educational Tune* 

II Heat, Higher Text-Book of. By B, W STEWART, D Sc. 6s 6d 
"Clear, concise, well arranged, and well illustiated " Jouinal oj Education. 

III. Light, Text-Book of. By R W STEWART, D.Sc. Fowth 
Edition, Revised and Enlarged. 4s 6(1 

" A veiy full and able tieatment of the elements of Geometrical Optics " 
Educational News 

IV. Magnetism and Electricity, Higher Text-Book of. By R. W. 

STEWART, D Sc Second Edition 6s 6d. 

"The text is exceedingly lucid and painstaking in the endeavour to give the 
student a sound Lno\v ledge oi physics " Natui e 

V Properties of Matter By C. J. L WAGSTAFF, M A Third 

Edition 3s Od 

"Very interesting sections aie those on moments of inertia fiom an elementaiy 
point of view, Buys' modification of CUvendibh's experiment, surface tension, and 
capillarity "School. 

VI Practical Physics By W. K BOWER, A K S , and J 
SATTERLY, B A , B Sc 4s. 6d 

"Cheat point* have evidently been taken to secure efficiency, and the result is a 
text-book which ments great praibe " Nature. 

The New Matriculation Heat The New Matriculation Lighb The 
New Matriculation Sound. By R. W STEWART, D Sc 2s 6d. 
each volume 

" The treatment is lucid and concise, and thoroughly in accordance with the most 
lecent methods of teaching elementaiy physics An outstanding feature of these 
"books is the inclusion of a number of experiments vvluoh maybe performed with 
the most simple and inexpen&ive apparatus^ and from which satisfactoiy results, 
may be obtained " Natv i c 

Electricity, Technical By Professor H. T DAVIDGE, B Sc., 

M I E.E , and E W HUTCHINSON, B Sc. 2nd Ed. 4s 6d 

"A most desnable combination of sound instruction in scientific principles and 
engmeenng practice " Educational Neits 

Magnetism and Electricity, Matriculation. By R H JUDE, 

MA, D Sc , and JOHN SATTERLY, B A , B Sc Specially 

written for the current London University syllabus in this 

subject. 3s. 6d 

"This volume grves e\ idence at e\ ery stage of the ripe scholaislrip of its authors 

as well ab of their higli teaching ability " Educational N^ios 
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The Tutorial Chemistry By G H 1) ALLEY, D So , Ph.D. Edited 
by WM BHIGGS, LL.D,, M A , B So , F C S 
Pait I Non-lVJptals Fourth Edition. 3s. 6d 
Paitll Metalb and Physical Chemistry. Sec Ed. 4s 6d. 

" The leading tmfchu and laws of chemistry aie heie expounded in a most masteily 
manner "Ok 



The New Matriculation Chemistry.* By G H BAILEY, D Sc. 
Edited by WM BfilGGS, LL D Fourth Edition. 5s Gel 

Chemical Analysis, Qualitative and Quantitative. By WM 
BRIGGS, LL D , MA, B Sc , ECS, and R W STEWAUT, 
D.Sc. Fowth Edition 3s. 6d. 

The Junior Chemistry By R, H ADIE, M.A., B Sc , Lecturer in 
Chemistry, St John's College, Cambridge 2s 6d 

This is a course of combined theoretical and piactical work 
covering the lequjrements of the Oxford and Cambridge Junior 
Locals Its method of treatment differs from that of most modem 
books of this standard, inasmuch as it aims at bunging the pupil, 
from the outset, into touch with fundamental principles 

"A useful and piactical comse, constiucted on thoroughly scientific principles " 
Oxfoi d Magazi/ie 

The Elements of Organic Chemistry. By E I LEWIS, B A , B Sc , 

Science Master at Oundle School. 2s 6d 

The fundamental principles of the Chemistry of Carbon Com- 
pounds developed fiom and illustrated by the behaviour of the 
Ethyl, Methyl, Phenyl, and Benzyl compounds mainly. 

" A useful book containing many well selected typical expenments The 
directions aie clearly and caiefully given " Secontlaty Education 

Systematic Practical Organic Chemistry. By G. M NORMAN, B Sc , 
F.C.S. Second Edition Is. 6d. 



Perspective Drawing, The Theory and Practice of. By S POLAK, 

Art Master. 5s 

A complete course of instruction covering the requirements of the 
Board of Education Syllabus m Perspective Di awing 

Science German Course By C W. PAGET MOFFATT, M A , M B , 
BC 3s. 6d 

1 ' Provides a convenient means of obtaining s afficient acquaintance with the Gei man 
language to lead simple scientific debeiiptions m it with intelligence " Natui e. 

* Sets of appaiatus and leagents are supplied specially designed foi use \\ith this 
book- Set A, 13s. 6d , Set B, 2 



THE UNIVERSITY TUTORIAL SERIES. 



ffrencb* 



Junior French Course By E. WEEKLEY, M A , Professor of 
Fiench at University College, Nottingham, and Examiner in 
the Umveisity of London. Second Edition 2s 6d. 
" Distinctly an advance on similar couises "Journal of Education 

The Matriculation French Course By E WEEKLEY, M A , Examiner 
in French in the University of London. Third Edition, En- 
kwged 3s 6d 
" The iiiles aie well expressed, the exercises appropriate, and the mattei acciuate 

ami well arranged." Guaidtan 

French Accidence, The Tutorial By ERNEST WEEKLEY, M A 
With Exercises, Passages for Translation into Fiench, and a 
Chapter on Elementary Syntax. Third Edition. 3s 6d 
11 We can heaitily recommend it " Schoolmaster 

French Syntax, The Tutorial. By ERNEST WEEKLEY, M A , and 
A J WYATT, M A Second Edition With Exeicises 3s 6d 
" It is a decidedly good "book " Guardian 

French Grammar, The Tutorial. Containing the Accidence and the 
Syntax m One Volume. Second Edition 4s 6d. Also the 
Exercises on the Accidence, Is. 6d. ; on the Syntax, Is. 

French Prose Composition By E WEEKLEY, M A With Notes 

and Vocabulary Third Edition, Enlarged. 3s 6d 
" The airangement is lucid, the rules cleaily expieased, the suggestions leally 
helpful, and the examples carefully chosen " Educational Tunes 

Junior French Reader. By E WEEKLEY, M.A With Notes and 
Vocabulary. Second Edition Is 6cl 

" Averyuseful first leader with good vocabulaiy and sensible notes " ScJioolmctiter 

French Prose Reader By S BAELET, B es So , and W "F 
MASOM, M A , Examiner in the University of London With 
Notes and Vocabulary Thi) d Edition 2s. 6d. 
" Adnuiahly chosen extiacts " School Government Chromde 

The Matriculation French Eeader Containing Pi ose, Verse, Notes, 
and Vocabulary By J A PEttttET, Exammei in Fierieh m 
the Umveisity of London 2s 6d 
" We can leconnuend this book without lesei ve " School Wot IJ. 

Advanced French Reader Edited by S. BAIILKT, B. es So , and 

W F. MASOM, M A Second Edition 2s 6d. 
" Chosen from a laige range of good modem authois " Schoolmastei 

Higher French Reader, Edited by E WEEKLEY, M A 3s 6d 

c The pabaages aie well chosen, interesting in themselves, and lepte^entative of 
the bebt contempoiaiy stylists " Joui tied oj Education 
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Classics. 



Burke. Revolution^ France. 



By H P ADAMS, B,A, 2<3 6d. 
Chaucer Canterbury Tales. By A J. WYATT, M A With 

Glossary Prologue Is. Knight's Tale, Nun's Priest's Tale, 

Man of Law's Tale, Squire's Tale Each with Prologue, 2s 6d 
Johnson Life of Milton By S E (ioooiN, M A la 6d 
Johnson Rasselas By A J F COLLINS, M A. 2s 
Langland Piers Plowman Piologuo and PA&SUS I -VII By J F. 

DAVIS, D Lit , M A 4s, bd. 
Milton Early Poems, Comus, Lycidas. By S E. GOGGIN, M A., 

and A, F. WATT, M.A 2s. 6d. Areopagitica. Is. 6d. 

Comus Is. Lycidas Is 
Milton, Paradise Lost, Books I , II. By A. F. WATT, M.A. Is. 6cl. 

Books IV,, V. By 8, E. GOGGIN, M.A. Is 6d, 
Milton. Paradise Regained, By A J WYATT, M A. 2s. 6d. 
Milton Samson Agomstes. By A. J WYATT, M.A. 2s. 6cU 
More Utopia By R R. RUSK, Ph D 2s. 
Pope. Rape of the Lock. By A F WATT, M A Is. 6d. 



Merchant of Venice. By S. E. 

GOGUIN, M A, 5s 
Midsummer Night's Dream, 

By A. F WATT, M A, 2s. 
Richard II. By A F WATT, 

MA 2s 
The Tempest By A R. 

WEEKES, B A 2s. 



As You Like It By A R. 

WE EKES, J3.A. 2s 
Coriolanus By A J F COL- 

LINS, 1M A 2s 
Hamlet King Lear ByS E. 

(JOGGIN, M A, 2s each. 
Julius Caesar By A. F. 
2s. 



WATT, M.A 

Shakespeare, By Pi of W. J. ROLFE, D,Litt. In 40 volumes. 
2s. a Volume. 



King John 



AIT s Well that Ends "Well 

Antony and Cleopatra 

As You Like It 

Comedy of Errors 

Coriolanus 

Cymbekne 

Hamlet 

Henry IV, Parts!,, II 

Henry V, 

Henry VI, Parts I, -III. 

Henry VIII, 



I Midsummer 
| Dream 

2s 6d, a Vohune. 

Julius Caesar 

King Lear 

Love's Labour's Lost 

Macbeth 

Measure for Measure 

Merchant of Venice 

Merry Wives of Windsor 

Othello 

Pericles 

Richard II. 

Richard III, 



I Much Ado About Nothing 
Tempest 



Shelley. Adonais By A R WEUKES, B A 
Spenser Faerie Queene, Book I. By \V H. 



Romeo and Juliet 

Sonnets 

The Taming of the Shrew 

The Two Noble Kinsmen 

Timon of Athens 

Titus Andronicus 

Troilus and Cressida 

Twelfth Night 

Two Gentlemen of Verona 

Venus and Adonis 

Winters Tale 

Is 6d. 

HILL, M.A, 2s. 6d. 
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The English Language Its History and Stiuctme ByW H Low, 
M A With TEST QUESTIONS Sixth Edition, Revised 3s 6d. 

"A deai \rorknidnlike hibtoiy of the Englj&h language done onsoundpimciples " 
Satin day Jtnteu. 

The Matriculation English Course By W H. Low, M A , and 
JOHN BIUGGS, M A , F Z S. Third Edition. 3s 6d. 

CONTENTS Histoncal Sketch Sounds and Symbols Outlines 
of Accidence and Syntax Common Eirors Analysis Paising 
The Word, the Sentence, the Paragraph Punctuation Rules for 
Composition Simple Nariative Compound Narrative Descriptive 
Composition The Abstract Theme The Essay Paraphrasing 
Precis- Writing Style and Diction Prosody Index. 

" The matter is clearly arranged, concisely and intelligently put, and marked by 
accuiate scholarship and common-sense " Grvaidian 

English Literature, The Tutorial History of. By A J WYATT, 

M A Thin d Edition, continued to the present time 2s 6d 

"This is undoubtedly the best school history of literature that has yet come 
undei our notice "Gum dian. 

" The scheme of the book is clear, proportional, and scientific " Academy 
" A sound and scholaily work " St James' Gazette 

English Literature, The Intermediate Text-Book of. By W. H 
Low, M A , and A J. WYATT, M A. 6s 6d 

" Really judicious in the belection of the details given "Satwday Review. 

" Well-informed and clearly -written " Jouinal oj Mutation 

" The historical pa.it is. concise <mdclea.i, but the ciiticism ifa e^en moie valuable, 

and a numbei of illustiatrve extiaote contribute a mobt useful feature to the 

volume "School Wot Id 

An Anthology of English Verse With Introduction and Glossary 
By A. J. WYATT, M A., and S E. GOGGIN, MA 2s 

For use m Training Colleges and Secondary Schools The ex- 
tiacts have been selected as representcitive o English verse from 
Wyatt to the present time (exclusive of diama) 

"We look upon tins collection as one of the be&t of its kind IJ Teaclieis* Aid 

Precis-Writing, A Text-Book of By T C JACKSON, B A., LL B , 
and JOHN BRIGGS, M A , F Z S 2s. 6d 

In writing this text-book, the authors have aimed at inci easing 
the educational value of Piecis-Wnting by giving a more sys- 
tematic and a less technical treatment to the subject than is usual 

" Admnably clear and businesslike " Gnat dian. 

11 Thoioughly piactical, and on right lines educationally " School Woild 
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'pbilosopb^x 

Ethics, Manual of 45y J. S MACKENZIE, LittD , M A , formerly 
Follow of Trinity College, Cambridge Fourth Edition 6s 6d. 

" Iu wilting tins book Mi Macken/ie has produced an eamest and stinking con- 
tubution to the uthieal literature of tho tune " Mind 

Logic, A Manual of By J WELTON, M A, , Professor of Education, 
University of Leeds. 2 vols Vol 1 , 8s. 6d. , Vol. II, 6s. 6d 

Vol I. contains the whole of Deductive Logic, except Fallacies, 
winch are tieated, with Inductive Fallacies, in Vol. II. 

" A cleai and compendious summaiy of the viewb of various thinkeis on important 
and doubtful points "Jow nal oj Education 

Psychology, The Groundwork of. By G F. STOUT, M A , LL IX, 
Fellow of the Butish Academy, Professor of Logic and Meta- 
physics in the Univeisity of St Andrews 4s 6d. 
"All btudeuts of philosophy, both begmneis and those -who would describe them- 

selves as 'advanced, 1 will do well to 'read, maik, learn, and m\vaidly digest* thits 

book " Oijoid Magazine, 

Psychology, A Manual of By G. F. STOUT, M A., LL D 8s 6d. 

" Tlieieisaietiet.il ing absence of &ketclnneba about the book, and a clear debiie 
manifested to help the student in the subject " Satwday Review. 



1btstor$ anb Conetitution, 



The Tutorial History of England (To 1901.) By C S. 
FEARENSIDE, M A. 4s 6d 

" An excellent text-book foi the uppei forms of a school " Joui nal of Education. 

Matriculation Modern History Being the History of England 
1485-1901, with some reference to the Contemporary Histoiy of 
Europe and Colonial Developments. By C S FEARENSIDE, 
M.A 3s 6d. 

"A work that gives evidence of scholarship and clever adaptability to a special 
purpofae " 6?uai dtan. 

Groundwork of English History. By M. E CARTER. 2s. 

" It pie&ents the salient facts of English History in a readable but definite form, 
unencumbered with irrelevant detail. "ScJioolmastei . 

European History, Mam Landmarks of By F. N DlXON, B A 

Second Edition* 2s. 

"A capable sketch in which histoncal movements aie indicated accuiately and 
with vigour " Guai dtan. 

Citizenship, The Elements of the Duties and Eights of By W D. 
ASTON, B A , LL B Third Edition. Is 6d. 

Government of the United Kingdom By A. E. HOGAN, LL.D 2s. 6d 
CONTENTS. Introduction Legislature Executive Judicial 
System Looal Government Imperial Government. 
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A Text-Book of Geography By G C FEY, M Sc , F I 4s Gd. 

This book is intended for use in the upper forms of schools and by 
candidates foi London Umveisily Matriculation, the Oxford and 
Cambudgo Locals, and other Examinations of similar standard 

It deals with both Geneial and Regional Geography In 
Regional Geography the natural features are first dealt with and 
then the political facts that are the outcome of these fcatuies 

" The compilation is by no means one of meie geographical facto , the f why ' and 
the 'wheicfore' aie evoiywheie in evidence the subject is, indeed, piebentod 
jscicutincally " School nia^i 

" It is one of the luossb scientific and lational text-book^ yet published " 
" 



"Roman anfc Greek 

The Tutorial History of Rome (To 14 A D ) By A. H ALLCROFT, 
M A , and W. F. MASOM, M A With Maps Tliv d Edition, 
Revised and in part Rewt itten Or in Two Vols , 2s. each - 
Vol I , to 133 B C ; Vol II , 133 B C 37 A D. 

" It ih -well and cleaily written " Satwday Review 

" A dibtmclly good book, full, cleat, and acciuate "GuaidiCM. 

The Tutorial History of Greece (To 323 B.c ) By Prof W. J. 
WOODHOUSE, M A 4s 6d 

"Piof Woodhouse ib exceptionally \\ell qualified to write a histoiy of Gieece, 
and he has done it well "Sdiool Wot Id 

A Longer History of Rome By A H ALLCROFT, M A , and 
otheis (each volume containing an account ot the Literature of 
the Penod) 

390202 B C Sri Cd 7831 B C 3s 6d. 

202133 C C 3b 6d 44 B C 138 A.D. 3s 6d. 

13378 B C. 3s Gd 

"Wntten in a deal and dnect febyle Its anthoi-s show a thoiongh acc|iiamtance 
\\ith then authonties, and luvo albO uised the \\oikfc> of modem hisstonanfa to good 
" Journal of EdiiLUtton 



A Longer History of Greece. By A H ALLCROFT, MA. 
(each volume containing an account of the Liteiature of the 
Penod) 

To 495 B C 3s Gd 404362 B C 3s. 6d. 

495431 B C 3s Cd. 362 S23 B C 3s 6d 

440404 B C 3s 6d. Sicily, 491239 B C. 3s 6d. 
"The autlioih lu\a aypaiently spaieci no pains to make then woik at once coni- 
jn el 1 en sue andieadable " Sthwl uiubtw 
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anb (Breefe. 

GRAMMARS AND HEADERS 

Junior Latin Course |By B J HAYES, M A. 2s 6d. 

"A good practical guide Thepunciples aie sound, and the niles are oleaily 
stdted " Educational Times 

The Tutorial Latin Grammar By B J HAYES, M.A , and W F. 

MASOM, M A Fourth Edition 3s 6d 
" Accurate and full without being oveiloaded with detail "&t,hoolmast& 

Latin Composition With copious Exeiciscs and easy continuous 
Passciges By A. H ALLCROFT, M A , and J, H. HAYDON, 
MA Sixth Edition, Enlarged. 2s Gd. 

" Simplicity of statement and an.uigoraent, apt examples illustrating each rule, 
exceptions to these adroitly stated just at the piopei place and time, aie among some 
of the staking chaiactenstics of tins excellent book "Schoolmaster 

Junior Latin Reader. By E. J. G EORSE, MA Is 6d. 

Matriculation Selections from Latin Authors. With Introduction 
(History and Antiquities), Notes, and Vocabulary. By A, E. 
WATT, M A , and B J. HAYES, M A 2s 6d. 
Provides practice in reading Latin in pieparation for Examina- 
tions for which no classics aie prescribed 
" It is quite an interesting selection, and well done " School Woi /tZ 
" TLe selection is a good one, and the notes aie brief and to the purpose " 
Journal oj Munition 

Matriculation Latin Construing Book. By A F. WATT, M.A , and 
B. J. HAYES, M A. 2s 

A guide to the construing of the Latin period and its translation 
into English. 

" One of the most useful text "books of this very practical Tutorial Series " School 
Guanltan 

The Tutorial Latin Reader With VOCABULARY. 2s, 6d. 

"A soundly practical work " Guardian 

Advanced Latin Unseens Edited byH J MAIDMKNT, M,A , and 

T R MILLS, M A Second Edition, Enlarged. 3s 6d 
"Contains some good passages, which h.ive been selected from .1 wider field than 
that previously explored by similai numulb "Gamin nlye, Rei icu 

The Tutorial Latin Dictionary. By F G PLAISTOWE, M A,, late 

Fellow of Queens' College, Cambridge 6s. 6d. 
" A sound school dictionary " SpeaJi&i 
Advanced Greek Unseens Second Edition, Enlarged. 3s 6d 

The Tutorial Greek Reader, With VOCABULARIES. By A. WAUGH 
YOUNG, M A TJwd Edition, Enlaced 2s 6d 
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EOfticms of Xatfn anO <Sree% Classics, 

The, Text is in all cases accompanied by Inttodu 'ton and Notes, books 

mailed (*} contain also an alphabetical Lexicon 
The Vocabularies are in order of the text and are fteceded by Test Papers. 



Text 


Voc 




Text, Voc, 


Acts of Apostles. 


1/0 


CURTIUS 








Book 9, Ch 6-end. 


1/6 .. 


AESCHYLUS 








Eumemdea. 3 '6 


1/0 


DEMOSTHENES 




Persae, 3/6 




Androtion. 


4/6 . 


Piometheus Vmctus, 2/6 


1/0 






Septem contra Thebaa 3/6 


I/O 


EURIPIDES 




ARISTOPHANES 




Alcestis 
Andromache. 


1/6 I/O 

3/6 .., 


Ranae. 3/6 


... 


Bacchae. 


36 1/0 






Hecuba. 


3/6 . 


CAESAR 




Hippolytus. 


36 1/0 


Civil War, Book 1. 1/6 




Iphigema m Tauris 


36 1/0 


Civil War, Book 3 2/6 


I/O 


Medea. 


2/0 ... 


Gallic War, Books 1-7. 
(each) 1/6 


1/0 


HERODOTUS 




Gallic War, Book 1, 




Book 3. 


4/6 1/0 


Oh. 1 to 29. 1/6 




Book 4, Ch 1-144 


4/6 1/0 


The Invasion of Britain. 1/6 


1/0 


Book 6. 


2/6 1/0 


Gallic War, Book 7, Ch. 




Book 8. 


3/6 .!. 


1 to 68 1/6 












HOMER 




CICERO 




Iliad, Book 6 


... 1/0 


Ad Atticum, Book 4. 3/6 
De Anncitia *l/6 
De Fimbua, Book 1. 2/6 


1/0 


Iliad, Book 24. 
Odyssey, Books 9, 10 
Odyssey, Books 11, 12 


3/6 . 

2/6 . 
2/6 . 


De Fimbus, Book 2. 3/6 




Odyssey, Books 13, 14 


2/6 .. 


De OffiaiB, Book 3. 3/6 


1/0 


Odyssey, Book 17 


1/8 1/0 


De Senectute. *l/6 
In Catilinam I. -IV. 2/6 


1/0 


HORACE 




I.,m (each) 1/6 


1/0 


Epistles (including Ars 




I and IV 1/6 




Poetica). 


4/6 . 


Philippic II 2/6 


i/o 


Epistles (excluding A P ) '., 1/0 


Pio Archia 1/6 


1/0 


Epodes. 


1/6 .. 


Pro Balbo 


1/0 


Odes, Books 1-4 


*3/6 ... 


Pro Cluentio 3/6 


10 


Separately, each Book 


Pro Lege Manilia 2/6 
Pro Maroello 1/0 


I/O 
1/0 


(** 3, 4). 

Satires. 


1/6 1/0 
3/6 1/0 


Pro Milone, 3/6 


1/0 






Pro Planeio 3/6 


1/0 


ISOCRATES 




Pro Roscio Araermo. 2/6 


1 


De Bigis. 


2/6 ... 



TUTORIAL 



15 



BDttlons of 



aii& (SH'eefc Classics continued 



Text Voc 

JUVENAL 

Satires 1, 3, 10, 11 3/6 

Satires 1, 3, 4. 3/6 

Satires 8, 10, 13. 2/6 , 

Satires 11, 13, 14 3/6 , 

LlVY 

Bookl. 2/6 1/0 

Books 3, 6, 9 (each) 3 '6 1/0 
Book 5 2/6 1/0 

Book 9, Oh 1-19 1/6 

Book 21, Oh 1-30 1/6 

Books 21, 22. (each) 2/6 1/6 
LUCIAN 

Charon and Pisoator 3/6 1/0 
LYSIAS 

Eratosthenes 2/6 

Eratosth. andAgoratus 1/0 

NEPOS 

Hannibal, Cato, Atticus. 1/0 .. 
OVID 

Fasti, Books 3, 4. 2/6 1/0 

Fasti, Books 5, 6 3/6 1/0 

Heroides, 1-10 3/6 1/0 

Heroides, 1, 2, 3, 5, 7, 12 1/6 
Heroides, 1, 5, 12, 1/6 ; 12, 1/0 
Metamorphoses, Book 1, 
lines 1-150; Book 3, 
lines 1-250, 511-733, 
Book 5, lines 385-550 

(each) 1/6 

Book 11. 1/0 

Book 11, lines 410-748 1/6 
Books 13, 14 (each) 1/6 1/0 
Tnstia, Books 1,3 (each) 1/6 1/0 

PLATO 

Apology, 3/6 10 

Onto. 2/6 1/0 
Euthyphro and Mene- 

xenus 4/6 1/0 

Ion, Laches (each) 3/6 1/0 

Phaedo 3/6 



Te\6 Voc. 

SALLUST 

Catilme. 1/6 1/0 

SOPHOCLES 

Ajax 3/6 1/0 

Antigone. 2/6 1/0 

Electra. 3/6 1/0 

TACITUS 

Agncola. 2/6 1/0 

Annals, Book 1, 2/6 1/0 

Annals, Book 2. 2 '6 

Germania 2/6 1/0 
Histories, Books 1, 3. 

(each) 3/6 1/0 

TERENCE 

Adelphi 3/6 .. 

THUCYDIDES 

Book 7. 3/6 . 

VERGIL 

Aeneid, Books 1-8. (each) *l/6 1/0 

Books 7-10. 3/6 .. 

Book 9, *l/6 ... 

Books 9, 10 1/0 

Book 10 *l/6 .. 

Book 11. *l/6 1/0 

Book 12 1'6 . . 

Eclogues 3/6 1/0 
Georgics, Books land 2. 3/6 1/0 

Georgics, Books 1 and 4 3/6 1/0 
Georgics, Book 4 

(separately) 1/6 ., 

XENOPHON 

Anabasis, Book 1 1/6 1,0 

Anabasis, Book 4 1/G 

Cyropaedeia, Book 1 1/6 1/0 

Oyropaedeia, Book 5. , 1/0 
Hellenica, Books 3, 4. 

(each) 1/6 

Memorabilia, Book 1 3/6 1/0 

OeconomiciiB. 4/6 1/0 

Ch. 1-10. 1/6 ... 



A detailed catalogue of the above can be obtained on application* 
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be University utowl Scries, 

General Editor. WM. Brjr4GS 3 LL D., D QfL , M A , B.Sc , 

Piinttpal ol Utiwei^ti/ Cf)iic\j)oa<Jtctitti College, 



The object of the UNIVERSITY TUTORIAL SERIES is to provide 
candidates for examinations and leaineis geneially with text-books 
which shall convey in the simplest form sound instruction in acooid- 
ance with the latest ic&ults of scliolaiship and scientific loscarch. 
Important points are fully and cleaily treated, and caie has been 
taken not to intioduce details which are likely to peiplex the be- 
ginner. - 

The Publisher will be happy to'" entertam * applications from 
Teachers tor Specimen Copies of books mentioned in this List 



SOME P 

"Thi& series is successful in hitting its niaik and supplying much, help to 
students an places where a guiding hand is soiely needed " Join iial of Education 

" Many editors of moie pretentious, books might study the methods of the ' Uni- 
versity Tutonal Senes ' with piofit "Guardian 

"The 'Umvei&ity Tiitonal Series' is favoiuably known foi its piactical and 
workmanlike methods " Fiibltc Schools Yen/) jBool 

" The senes is eminently successful " Spectator 

lt The classical texts in this senes are edited by men who aie thoioughly inaateis 
of then craft " Satiu day Iteview. 

"The competent manner in which the volumes of this senes aie edited is now 
well known and generally recogm&ed " Educational Times. 

" This useful series of text-books " Natw e 

"Any books published in this senes aio admiiably adapted for the needs of the 
laige cluas of students foi whom they aie intended "Cambridge, Review 

"Cleainess in statement <ind orderliness in aiicingement chaiacteiifee the publica- 
tions of the TJmveibity Tutoiial Pie&i," Qifoid Marianne 

"All books which issue fiom the 'Unneisity Tutorial Press* aie both scholaily 
and piactical " Westnunstfi Jtevww. 

" The ment of this &eues of publications conaists in the workmanlike execution 
of an ordei ly piuctical plan " School Government Chronicle. 

"The books of the 'Umvei&ity Tutonal Series' have deservedly won a high 
reputation foi sound acholaiship, cleai and oideily anangement and pic&entation, 
and practical and up-to-date methods " JSoohnan. 

"Tlie more we see of these excellent manuals the moxe highly do we think of 
them. " Sckoolwwtter. 

" Such text-books are immeasuiably supenoi to the heavy tomes, oveibuidened 
with extraneous matter, with which, boys of a pievious geneiation weie familiar " 
School Guwdian. 



